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(i) total energy use;



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































developn ent and use of alternatives so identified.





















encourage the choice of alternatives that could be optimized for greater
overall benefit. It appears that decisions are being left to chance and to


























































in applying control technology after the energy technology has been
established.
XV
 Agencies responsibTe for environmentaT protection coqu intervene in a
positive way to improve the environment, rather than have to act in a punitive
fashion 'after the fact'. The Board is recommending a positive infTuence at
the pTanning stage through wise seiection of energy sources, sites, and use.
III The International Joint Commission should encourage the Parties to
coordinate the planning and use of energy alternatives in the Great
Lakes basi n .
Pianning, buiTt upon existing knowTedge and the studies referred to in
Recomendation II, must be coordinated. If it was not evident a decade ago, it
is certain now that jurisdictions shouid not, perhaps even cannot, operate
independentiy. The choice that one jurisdiction makes wiTT affect what
another jurisdiction can do. Energy market prices, avaiTabiTity of materiais
or fueT, the transport and disposai of waste, exposure of popuiations and
their food to contaminants, and a range of other matters are inextricabTy
Tinked. It is aiso evident that current knowledge emphasizes the widespread
and cumuiative nature of the impact of singTe instaTTations.
Furthermore, the naturai environment in one jurisdiction can be radicaTTy
different in nature and vaTue from that in another. For exampTe, the societaT
importance of a jurisdiction's dependence on its Great Lakes shoreiine varies
considerabiy. The buffering capacity of the soil and surface water systems of
one jurisdiction can be radicaiiy different from another. A faciiity sited
'downstream' for one jurisdiction is 'upstream' from the next. These are 01d
principies made more acute by present conditions.
This recommendation urges the Commission to promote coordination of the
choice of energy options among the jurisdictions to avoid cost inequities or
reduce the negative impacts on the Great Lakes basin, thus optimizing siting
































































































































































































































































the emissions to air and water on the environment and on public
health.
Two Of the recommendations above, if followed, would put into place a
mechanism to address items (i), (ii) and (iii) on a regular basis and in the
appropriate level of detail. The Board's greatest concern is that there is
inadequate information on the impact of hazardous substances. Lacking this
information, important impacts may be overlooked or less significant impacts
over-emphasized.
The calculations carried out as part of this preliminary assessment
suggest that coal consumption is a very small part of the trace metals
problem. However, except for lead, for which there is clear evidence pointing
to gasoline emissions, major sources of trace metals are not well quantified.
There are no deposition estimates for mercury and arsenic. Thus, the relative
contribution from coal use is indeterminate. Furthermore, direct combustion
of coal or coal conversion results in emissions of organic compounds such as
xvii
  
   
phenols, arylamines, alkanes, mono— and polycyclic aromatic hydrocarbons, but
the degree to which the operation of the energy sector contributes to total
emissions of such compounds is not known. We lack hard data and adequate
understanding of the source and pathway of hazardous substances already
identified, much less for those that we might anticipate could be introduced
into the environment.
The list of imponderables is extensive. The transportation and permanent
disposal of radioactive spent fuel in a safe manner is a major problem. Safe
decommissioning of facilities is now a subject of concern. Conversion of
biomass to energy from both purposely-grown or waste material is not without
its adverse effects. Intensification of silviculture or agriculture with
attendant chemical use, increased water use as a result of monocultures, and
increased competition for the use of land between food and energy biomass
production are all potential problems. The list is a lengthy one.
This recommendation emphasizes the urgent need for much better information
to reduce the speculation and fears associated with concern for the impact of
decisions about our energy future as it affects the environment, human health
and related societal concerns in the Great Lakes basin. A systematic review
and prioritization of this research and surveillance must reflect assessment





























































































































































































































































































































































































































































































































































































 residuals associated with energy production, processing, and
transport require that these polluting activities receive special
attention. Increasing reliance on coal, for example, may imply major
increases in atmospheric concentrations of 502 and acid rain.
Availability of water is an important component of most types of
energy development. The Great Lakes region clearly has a comparative
advantage in terms of this factor for energy production, processing,
and transport.
Various institutions (organizations, regulations, taxes and
subsidies) affect energy demand and supply in the basin. These
institutions can also become the leverage points, the instruments by
which member governments influence energy use.
It is the view of the Science Advisory Board that information can be
developed at a reasonable cost which could allow a better under-
standing of the consequences of alternative sets of decisions, both
for specific interests in Great Lakes water quality and the broader
scope of the Great Lakes basin ecosystem.
OBJECTIVES
The specific objectives of the Science Advisory Board in undertaking this
investigation of the potential environmental impacts of energy futures for the
basin were the following:
1.
To describe the present energy profile and institutional setting for
energy development in the Great Lakes basin.
To identify the major technical and strategic options by which
demands and supplies of energy can be controlled in the basin.
To identify the important generic consequences of the most relevant









































































































































































































































































































































































































































































































































































































































































































































































































































































































    
 
  
The most visible aspect of the energy crisis has come in the form of
interrupted supplies of petroleum products imported from the Middle East.
Price impacts of this sudden decrease in supply have been felt throughout the
economy. Attention to finding alternative forms and supplies of energy was a
direct result of this institutional intervention in the market channels for
energy. Thus, the imbalance between technology and energy forms has been
exacerbated by political action.
Jimison (1980) characterizes the energy crisis as several interrelated,
mutually dependent sets of problems. Each implies a different perspective on
the issues, different sets of policy choices, and consequences that
reverberate far beyond the immediate problems of energy availability. First
is the national or regional security aspect of the energy crisis. The fact
that prevailing technologies in the U.S. and Canada depend on fuels that are
in short domestic supply means substantial dependence on the good will and
economic openness of other countries. Our ability to adjust in the short run
is limited by fixed investment in energy-using technology. Society has some
response to price, as in any trade situation. But to a large degree, society
is "hooked" on oil in the short run. Our dependence can significantly alter
the bargaining posture on non-energy issues.
Secondly, energy price and availability will affect the pattern of human
settlement in the U.S. and Canada. Where people live, with respect to each
other and with respect to the workplace, is influenced by the technologies of
mobility. There is a certain momentum to these settlement patterns.
Preferences once formed do not change quickly or easily even as energy prices
increase. Recent census data show a continued flight from urban centers to
non-metropolitan areas. Thus a key part of the energy crisis is the pattern
of location of human activity.
Environmental consequences of energy supply alternatives constitute a
third perspective on energy. Choices made to reduce dependence on outside

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 To understand environmental impacts of energy in the Great Lakes basin it
is necessary to view the production and use of energy from an ecosystem
perspective.
Ecosystems have identifiable boundaries in which energy and materials can
be measured and related to some unifying environmental factor. All ecosystems
are connected to each other, thus preserving the earth's stability.
Ecosystems are dynamic, living systems and disrupting an ecosystem in one
place or in one dimension can have unpredictable and sometimes undesirable
effects elsewhere. Organisms within ecosystems, whatever their complexity,
have limited ranges of tolerance. Ecosystems can be overloaded by various
types of stress. When environmental conditions exceed the tolerance limits or
carrying capacity of the ecosystem it can go out of control and change rates
are reinforced.
Organisms respond to stress within ecosystems in a number of ways: they
can move out of the ecosystem, they can wait out the period of stress in a
less active state, they can change their metabolism, or slowly adapt to new~
conditions. New acclimation can be dangerous. Many changes in pollution
levels occur so gradually that organisms may "tolerate" them. But with each
change, the organism comes closer to its limit of tolerance. This can occur
without having any "warning" signals. Suddenly a threshold is crossed that
triggers a harmful or even fatal effect. This is the scenario that replays
itself hundreds of times over in the acidification of lakes and the
disappearance of life in those lakes during a sudden storm or spring run off.
Once an ecosystem has passed the "threshold", humans are often confronted with
the "crisis—panic—regret" cycle. Acidification of lakes, destruction of a
fishery, contamination of babies with PCBs obtained from mother's who eat Lake
Michigan fish are all illustrative of this syndrome. People are part of the
system and the above description of organisms and their response to stresses
applies to human populations as well as to fish or algae.
There are numerous "ecosystem watchers" (Ward and Dubos, 1972, and Brown,
1978) who believe that man is in a unique position with respect to the
biosphere. They contend that man is standing at "the hinge of history" at a















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CRUDE PETROLEUM PRODUCTION IN 1976


























Sources: aOntario data for 1978. U.S. Department of Interior,














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Minnesota, Wisconsin and Michigan.
13
 The first nuclear generating station installed in the Great Lakes basin
was at Big Rock Point on Lake Michigan. The station which has a capacity of
72 megawatts (MWe) started producing electricity commercially in 1963.
Nuclear generating stations are situated on the shorelines of each of the
Great Lakes with the exception of Lake Superior. Currently the greatest
installed electrical generating capacity is on Lake Michigan but future
installations will take place mainly in the lower lakes. Detailed information
is provided in Chapter 5 on the number and location of nuclear stations. The
total installed electrical generating capacity has reached 14,807 MWe in the
Great Lakes basin. Current construction will increase this to 27,715 MWe by
1990, but long-term U.S. utilities' planning which was expected to add a
further 8,780 MWe by the end of the 20th century was cancelled during 1980.
Hydroelectricity
Conventional hydroelectric power production during 1979 was 2,750 MWe in
the U.S. portion of the Great Lakes basin and 3,175 MWe in the Canadian
portion. Chapter 5 provides details on the hydroelectric production in each
lake drainage basin. The hydroelectric plants on the St. Marys, Niagara and
St. Lawrence Rivers supply about 17% of the power generated in the Great Lakes
basin. Potential for new sources is generally low with that in the U.S.
amounting to 22.7% of present capacity while that of Canada is 29.4%.
While the source of hydroelectricity is renewable, the number of adequate
hydro sites is finite. There are but a few economically feasible conventional
hydro sites remaining in the Great Lakes basin, mostly on the Canadian side.
As described in Chapter 5, further Great Lakes hydro development could proceed
by such means as expansion at existing plants, new developments, using pumped
storage, and development of small scale/low head facilities.
Other Sources
Biomass
Biomass is estimated to be able to supply more than 5% of Canada's present


















































































































mode. As far as oil shale is concerned, conversion plants will almost
certainly be constructed at the mine locations.
ENERGY CONSUMPTION






























































































































































































































































































































































































































































































































































































































CHANGES IN U.S. ENERGY CONSUMPTION BY SECTOR BETWEEN 1973 AND 1978
 
Residential Commercial Industrial Transportation Electric
G.L. States (8) +2.5% +1.7% —4.2% +3.37: +15.5%
U.S. +4.6% +6.5% +0.2% +11.3% +17.6%
 
The 1973 embargo on oil shipments to the United States from the mid east
impacted all energy costs as well as producing attendant psychological factors
which sharply limited the growth trends of energy consumption. Overall
consumption in the Great Lakes region from 1973 to 1978 (the latest date for
which figures are available) showed marginal growth while U.S. growth was
limited to 4.8%. Variations in each of the intervening years are not used.
Table 5 identifies the changes in each sector.
The concentration of industrial energy use in three states, Indiana, Ohio
and Pennsylvania, makes them very energy intensive on a per capita basis.
Each state has more than 43% of its energy use in industry. In contrast, New
York is the least energy intensive per capita, dividing its energy use in
approximately equal amounts among residential, commercial and transportation
with industry consuming less than 20%.
Total energy consumption in Ontario in 1975 was divided almost equally
among the industrial (38%), transportation (28%) and residential and
commercial (34%) sectors (Porter, Vol. 4, 1980).
Most of the hydro power, all of the uranium fuel, and most of the coal
consumed in the basin are used to generate electricity. Table 6 presents a
breakdown of primary fuel and electrical generating capacity in the Great
Lakes region for 1979. Generation of electricity is a producer of ecosystem










































PRIMARY FUEL AND ELECTRICAL GENERATING CAPACITY
IN THE GREAT LAKES STATES AND ONTARIO IN 1979





































































































































































































































































































































































































coal with low sulfur western coal prior to use to reduce the sulfur




















stations now under construction at Thunder Bay (2 units), Pickering (6 units
in 1980—81), Atikokan (2 units, 1984-88) and Darlington (4 units, 1987-90)





















































































































































































Appendix A. It is significant to note that the largest plants are located































































































Three Mile Island incident.


































































































































Strip mining of coal
Land use for power pro-
duction and transmission
Hydroelectric dams
Land use for cooling
ponds, sludge disposal




















   
 
   
greatest concern at present. Acid precipitation is caused mainly by the
oxides of sulphur (SOX) and nitrogen (NOX) that are emitted from the
burning of coal and oil, from industrial processes, and automobile emissions.
Conventional power generating plants emit various other pollutants of concern,
Table 8, and are the largest single source of man-made SO2 emissions in the
U.S. - approximately two-thirds, totalling 16.9 million tonnes annually. This
compares to an estimated total of 0.6 million tonnes of $02 emissions from
the power generation in Canada. Ontario utilities account for less than 0.5
million tonnes of the total amount. The non-ferrous smelting sector accounts
for the largest SO2 emissions in Canada, 2.2 million tonnes or over 40



















Canadian smelting total, the major source being the nickel mining and smelting
complex in the Sudbury area. (U.S. - Canada Research Consultation Group,
1980).
About half of the nitrogen oxide emissions in North America are due to
transportation related sources. Power generation and other combustion sources
contribute the other half. In the U.S. power generation produces about
one-third of all nitrogen oxides or 6.2 million tonnes, compared with 0.2
million tonnes in Canada annually, reflecting the higher ratio of hydro and
nuclear power generation in Canada as compared to coal in the United States.
Nearly 20 percent of total Canadian N0X utility emissions or 0.05 million
tonnes, are produced by Ontario power generation (U.S. - Canada Research
Consultation Group, 1980).
The quantities of acid reaching the earth are quite small with each
rainfall. It is the cumulative long-term effects, as well as the "shock"
effects on aquatic life during spring runoff that are of concern. In areas
with alkaline soils or limestone deposits, such as the Great Lakes, total
annual loading of acid does not present a problem since the acid can be safely
neutralized for indefinite periods. Aquatic life in the shallower nearshore




















little soil cover, which is the situation in the Adirondack Mountains, the
22




















   
TABLE 8
EMISSIONS AND EFFLUENTS FROM CONVENTIONAL POWER PLANTS
Emissions to Atmosphere
 
Wind action on coal storage and
handling
Wind action on limestone & waste
Waste vapor from grinding
Cleaned flue gas
Vacuum pump on steam condenser
Air and mist from cooling tower
Possible fugitive dust from area
Transients due to upsets, cleaning
Potential noise, odors
Effluents - Liquids and Solids
Rain runoff — coal, limestone,
and waste storage areas
Ash slurry
Slurry of waste from stack
gas cleanup
Sludge and chemicals from water
treating
Trace Elements
Leaching associated with disposal
of ash and limestone waste
Fate of volatile toxic elements in
coal feed






NOX, SOX, plume dispersion,
dust
Polynuclear Organic Material (POM)
Minor












Contamination of local air, water
Health hazard
 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
  





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   

























































































      















































similar. Strong growth is expected only for coal (especially in Canada), and
to a lesser extent electricity and industrial consumption in both countries.
Low or negative growth is expected in transportation use, in oil consumption
in Canada and in natural gas consumption in the U.S. However, when the
commercial and residential consumption growth rates for Canada are combined
the result appears to be a higher growth than in the CONAES estimates for the
buildings sector in the U.S.
In Summary, it appears as if the same factors that can be expected to
moderate demand growth in the U.S. are operative in Canada. Perhaps more
importantly, it seems evident that considerable choice exists with respect to
the future level of energy demand in the Great Lakes Basin.
Electricity Planning
 
The quality of electric power planning is of critical importance since it
ultimately determines the amount of electricity available, the rates consumers
must pay for capital investment in new plants, and the impact on the ecosystem
from the siting and operation of facilities. Power supply decisions will
impact for decades the economic, environmental and social costs to be borne by
the public. Electric utilities in the U.S. are generally planning to meet
future growth by constructing nuclear and coal—fired plants.
Jurisdictions have a primary responsibility for regulating electric
utilities and overseeing their plans for balancing power supply and demand.
While many other factors are considered in electric power planning, demand
forecasts are the critical starting point in determining whether facilities
should be developed. Jurisdictions which prepare independent forecasts have
developed significantly lower projections than the utilities. The basic
factors causing lower forecast results were differing assumptions on
(1) population growth, (2) economic growth, (3) the impact of the price of
electricity on demand, (4) the impact of conservation, and (5) estimates of
personal income. Wisconsin and Minnesota have specific legal requirements for
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b u s i n e s s p e o p l e , d e v e l o p e r s , b u i l d e r s , b a n k e r s , a u t i l i t y c o m p a n y
r e p r e s e n t a t i v e , a n d m u n i c i p a l b u i l d i n g , z o n i n g , p l a n n i n g , a n d p o l i t i c a l













I n t h e n e x t p h a s e , t h e c o n s u l t a n t s f o r m u l a t e d e x t e n s i v e r e s e a r c h i n t o t h e













































































































































































































































































































































































































































































































































































































































































































































s e c t i o n o f t h e o r d i n a n c e s . A l l o f t h e p r o p o s e d l e g i s l a t i o n i s b e i n g e v a l u a t e d
i n t e r m s o f t h e s o c i a l , p o l i t i c a l a n d w h e r e v e r p o s s i b l e , q u a n t i f i a b l e e n e r g y
i m p a c t o n t h e t o t a l c o m m u n i t y e n e r g y r e q u i r e m e n t s .
T h e p r o c e s s o f s t i m u l a t i n g t h e m e m b e r s o f t h e c o m m u n i t y t o b o t h i m p l e m e n t
t h e p r o p o s e d l e g i s l a t i o n a n d r e q u e s t c o n t i n u e d u p g r a d i n g o f t h e l e g i s l a t i o n a s
t e c h n o l o g i c a l a d v a n c e s w a r r a n t , r e q u i r e s a s t r o n g e d u c a t i o n a l c o m m i t m e n t . T h e
P l a n n i n g D e p a r t m e n t o f t h e V i l l a g e o f S c h a u m b u r g h a s s h o w n a s t r o n g d e s i r e t o
a s s i s t i n t h e d i s s e m i n a t i o n o f t h e t e c h n i c a l r e s e a r c h f o r e n e r g y e f f i c i e n c y
d e v e l o p m e n t t e c h n i q u e s . T h e j o i n t e f f o r t o f t h e r e s e a r c h o f t h e c o n s u l t a n t
t e a m a n d t h e p o l i t i c a l a n d t e c h n i c a l r e s o u r c e s o f t h e P l a n n i n g D e p a r t m e n t w i l l
b e n e c e s s a r y t o g r a d u a l l y i n t e g r a t e t h e p r o p o s e d e n e r g y s a v i n g s l e g i s l a t i v e
m e a s u r e s i n t o t h e m a i n s t r e a m o f t h e S c h a u m b u r g c o m m u n i t y .
T h e S c h a u m b u r g c a s e s t u d y d e m o n s t r a t e s t h a t t h e m e t h o d f o r c h a n g i n g s o c i a l
v a l u e s i n t h e f a c e o f c h a n g i n g t e c h n i c a l a n d e c o n o m i c c o n d i t i o n s c a n n o t b e
a c c o m p l i s h e d m e r e l y t h r o u g h l e g i s l a t i o n , n o r t h r o u g h c a s u a l e d u c a t i o n
a s s i s t a n c e . A n e n f o r c i n g a g e n t ( l e g i s l a t i v e m e a s u r e s ) p l u s a n i n f o r m i n g t o o l
( t h e t e c h n i c a l r e s e a r c h a v a i l a b l e t h r o u g h t h e V i l l a g e o f S c h a u m b u r g P l a n n i n g
D e p a r t m e n t ) a r e a n e c e s s a r y d u a l f o r c e t o h e l p e n s u r e e f f e c t i v e s o c i a l r e f o r m
w h i c h b o t h a i d s t h e c i t i z e n r y w i t h t h e m o s t a p p r o p r i a t e t e c h n i c a l i n f o r m a t i o n
a n d h e l p t h e i m p l e m e n t a t i o n o f s u c h r e s e a r c h w i t h a p p r o p r i a t e c i t i z e n
i n f o r m a t i o n e x c h a n g e a n d e d u c a t i o n p r o g r a m s .
T h e V i l l a g e o f S c h a u m b u r g i s l e a d i n g t h e w a y i n p r o v i d i n g o t h e r
c o m n u n i t i e s w i t h a r a t i o n a l a n d p r o g r e s s i v e p l a n t o d e a l w i t h t h e p r e s s u r e s o f
a c h a n g i n g e n e r g y a n d s o c i a l c o n d i t i o n i n t h e e n d o f t h i s c e n t u r y . S c h a u m b u r g
h a s a l r e a d y a d o p t e d t h e f i r s t o r d i n a n c e p e r m i t t i n g w i n d e n e r g y c o n v e r s i o n
s y s t e m s . T h i s o r d i n a n c e , a r e s u l t o f t h e D O E s t u d y , i s h o p e f u l l y a s y m b o l o f
t h e g r a d u a l b u t c o n t i n u a l e f f o r t o f t h e V i l l a g e o f S c h a u m b u r g t o b e a m o d e l









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5 . E n e r g y S o u r c e s
I n o r d e r t o p r o v i d e s o m e p e r s p e c t i v e t o t h e p o t e n t i a l e c o s y s t e m i m p a c t s o f
a l t e r n a t i v e e n e r g y f u t u r e s t h e B o a r d i n v e s t i g a t e d t h e f o l l o w i n g e n e r g y
s o u r c e s : n u c l e a r p o w e r , d e v e l o p m e n t o f a s y n f u e l s ' i n d u s t r y i n t h e U n i t e d
S t a t e s , c o m b u s t i o n o f c o a l , a n d s e v e r a l o t h e r t e c h n o l o g i e s s u c h a s t h e
c o n v e r s i o n o f b i o m a s s . T h e r e v i e w s o f t h e s e s o u r c e s r e c e i v e d b y t h e B o a r d a n d
r e p o r t e d h e r e i n a r e n o t p r e s e n t e d a s c o m p l e t e a s s e s s m e n t s , b u t r a t h e r
i l l u s t r a t i v e o f t h e c o m p l e x i t y o f t h e p o s s i b l e i n t e r a c t i o n s o f e n e r g y
d e v e l o p m e n t a n d t h e q u a l i t y o f t h e G r e a t L a k e s b a s i n e c o s y s t e m .
A m a j o r c o n c e r n w i t h r e s p e c t t o G r e a t L a k e s w a t e r q u a l i t y i s t h e
i n c r e a s i n g i m p o r t a n c e o f a t m o s p h e r i c i n p u t s o f p o l l u t a n t s a n d t h e d i s c u s s i o n
o f t h e s e e n e r g y s o u r c e s f o c u s s e s o n t h e i r r e l a t i v e c o n t r i b u t i o n t o s u c h
l o a d i n g s .
N U C L E A R P O W E R
T h e f i r s t n u c l e a r g e n e r a t i n g s t a t i o n o n t h e G r e a t L a k e s w a s B i g R o c k P o i n t
( 7 2 M N e ) o n L a k e M i c h i g a n , w h i c h s t a r t e d p r o d u c i n g e l e c t r i c i t y c o m m e r c i a l l y i n
1 9 6 3 . S i n c e t h e n t h e n u m b e r o f n u c l e a r s t a t i o n s h a s i n c r e a s e d a n d t h e t o t a l
i n s t a l l e d e l e c t r i c a l g e n e r a t i n g c a p a c i t y h a s r e a c h e d 1 4 , 8 0 7 m e g a w a t t s ( M W e ) .
C u r r e n t c o n s t r u c t i o n w i l l i n c r e a s e t h i s a m o u n t t o 2 9 , 8 8 0 M W e b y 1 9 9 0 , b u t
l o n g - t e r m U . S . u t i l i t i e s ' p l a n n i n g , w h i c h w a s e x p e c t e d t o a d d a f u r t h e r 8 , 7 8 0
M W e b y t h e e n d o f t h e 2 0 t h c e n t u r y , w a s c a n c e l l e d i n 1 9 8 0 . A l l r e a c t o r s
g e n e r a t e s t e a m u s i n g G r e a t L a k e s w a t e r f r o m s e l f - h e a t p r o d u c e d i n t h e u r a n i u m
f u e l b y n u c l e a r f i s s i o n o f 2 3 5 U a t o m s . T h e m a j o r d i f f e r e n c e b e t w e e n t h e
n u c l e a r r e a c t o r s o n t h e C a n a d i a n a n d U . S . s h o r e l i n e s i s t h a t t h e u r a n i u m f u e l
i n t h e U . S . r e a c t o r s i s s l i g h t l y e n r i c h e d i n 2 3 5 U t o s u s t a i n t h e n u c l e a r
f i s s i o n c h a i n r e a c t i o n w h i l e t h e C a n a d i a n r e a c t o r s u s e n a t u r a l u r a n i u m a n d
D 2 0 ( d e u t e r i u m o x i d e ) a s a n e u t r o n m o d e r a t o r i n p l a c e o f H 2 0 .
E l e c t r i c a l p o w e r g e n e r a t i o n b y n u c l e a r f i s s i o n i s c o n s i d e r e d e n v i r o n -
m e n t a l l y c l e a n i n t h a t t h e r e a r e n o e m i s s i o n s o f $ 0 2 , N O X o r p a r t i c u l a t e s




   
o f a c i d r a i n . 0 n t h e o t h e r h a n d , t h e r e a r e e m i s s i o n s o f r a d i o a c t i v e e l e m e n t s ,
r a d i o n u c l i d e s , b o t h t o t h e a t m o s p h e r e a n d t o t h e c o o l i n g w a t e r r e t u r n e d t o t h e
l a k e , w h i c h c r e a t e a p o t e n t i a l h a z a r d t o h u m a n h e a l t h . L i k e o t h e r t h e r m a l
s t a t i o n s a b o u t 6 5 % o f t h e e n e r g y r e l e a s e d f r o m t h e f u e l i s r e j e c t e d t o t h e
c o o l i n g w a t e r r e s u l t i n g i n a r e a s o f w a r m e r t e m p e r a t u r e s i n t h e l o c a l a q u a t i c
e c o s y s t e m . U n l i k e o t h e r t h e r m a l g e n e r a t i n g s y s t e m s , t h e f u e l d o e s n o t l e a v e
a n a s h o f d e c r e a s e d v o l u m e w h e n i t i s c o n s u m e d . I n s t e a d , i t r e t a i n s i t s
o r i g i n a l s i z e b u t b e c o m e s i n t e n s e l y r a d i o a c t i v e . T h i s r a d i o a c t i v i t y d e c a y s
r a p i d l y a t f i r s t b u t m o r e s l o w l y w i t h t i m e , s o t h a t t h e s p e n t f u e l r e m a i n s
h a z a r d o u s f o r c e n t u r i e s . P e r m a n e n t d i s p o s a l o f t h i s h i g h l y r a d i o a c t i v e s p e n t
f u e l i n a s a f e m a n n e r i s a m a j o r p r o b l e m f a c i n g t h e n u c l e a r i n d u s t r y a t t h i s
t i m e .
I n e f f e c t , r a d i o a c t i v e w a s t e s a r e p r o d u c e d a t n e a r l y a l l s t a g e s o f t h e
f u e l c y c l e . T h i s f u e l c y c l e i n v o l v e s d i s c r e t e s t e p s i n t h e m a n u f a c t u r e a n d
u s e o f u r a n i u m f u e l f r o m m i n i n g t h e u r a n i u m o r e t o p o w e r p r o d u c t i o n a n d
d i s p o s a l o f t h e s p e n t f u e l a s i n d i c a t e d i n F i g u r e 3 . T h e r a d i o a c t i v e a n d
o t h e r w a s t e d i s c h a r g e s f r o m e a c h s t a g e o f t h e n u c l e a r f u e l c y c l e o p e r a t i n g i n
t h e G r e a t L a k e s b a s i n i m p a c t t o s o m e d e g r e e o n t h e b a s i n e c o s y s t e m .
N u c l e a r F u e l C y c l e A c t i v i t i e s
 
U r a n i u m M i n i n g a n d M i l l i n g
T h e p r o c e s s o f p r o d u c i n g e l e c t r i c a l p o w e r f r o m n u c l e a r f i s s i o n s t a r t s w i t h
t h e m i n i n g o f u r a n i u m o r e a n d i t s m i l l i n g t o p r o d u c e a b a s i c u r a n i u m o x i d e
c a l l e d " y e l l o w c a k e " . M a j o r u r a n i u m m i n i n g a n d m i l l i n g o p e r a t i o n s o c c u r i n t h e
E l l i o t L a k e a r e a o f n o r t h e r n O n t a r i o w h e r e t w o c o m p a n i e s m i n e a t o t a l o f
1 3 , 0 0 0 t o n n e s o f m i l l f e e d p e r d a y . A m u c h l o w e r s c a l e o f o p e r a t i o n s o c c u r s
i n t h e B a n c r o f t a r e a . S i n c e t h e o r e n o r m a l l y c o n t a i n s a b o u t 0 . 2 % u r a n i u m ,
e s s e n t i a l l y a l l t h e m a t e r i a l m i n e d r e m a i n s a s w a s t e a n d a c c u m u l a t e s a t t h e
2 3 8 U i n t h e
R a , w h i l e a s s o c i a t e d w i t h t h e u r a n i u m
2 2 8 2 2 8 T h . T h e s e
r a d i o n u c l i d e s a r e n o t e x t r a c t e d w i t h t h e u r a n i u m b u t r e m a i n w i t h t h e m i l l
m i l l s i t e a s a t a i l i n g s p i l e . I n r a d i o a c t i v e e q u i l i b r i u m w i t h
o r e a r e i t s d a u g h t e r s 2 3 0 T h a n d 2 2 6
2 3 2 T h a n d i t s d a u g h t e r s ,
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 t a i l
i n g s
.
T h e y
h a v e
l o n g
h a l f
- l i v
e s ,
1 6 0 0
y e a r
s f o
r 2 2
6 R a ,
a n d
w i l l
c r e a
t e
a n i n c r e a s e d e x p o s u r e i f n o t i s o l a t e d f r o m t h e b i o s p h e r e . S i n c e t h e
t a i l i n g s
a l s o
c o n t a i n
p y r i t e ,
t h e
o r i g i n a l l y
a l k a l i n e
w a s t e
g r a d u a l l y
b e c o m e s
a c i d
d u e
t o
b i o l o g i c a l




H 5 0 4
. T h i s
e f f e c t
a l l o w s
s u r f a c e
r u n o f f
t o l e a c h
t h e
r a d i o n u c l i d e s
f r o m
t h e
t a i l i n g s
a c o n d i t i o n
w h i c h
w o u l d
c o n t a m i n a t e s u r f a c e w a t e r s u p p l i e s i f n o t t r e a t e d . T h e c u r r e n t t r e a t m e n t
i n v o l v e s
a d d i n g
l i m e
a n d
B a C l 2
t o
t h e
t a i l i n g s
e f f l u e n t
t h e n
a l l o w i n g
B a / R a S O t o s e t t l e o u t i n h o l d i n g p o n d s .
4
T a i l i n g s
c a n
a l s o
c o n t r i b u t e
t o
a i r
p o l l u t i o n
b e c a u s e
w i n d
e r o s i o n
c a u s e s
t h e
t r a n s p o r t
o f r a d i o a c t i v e
d u s t .
A l s o
t h e r e
i s e m a n a t i o n
o f 2 2 2 R n ,
a 3 . 8
d a y h a l f — l i f e n o b l e g a s d a u g h t e r o f 2 2 6
2 2 2
R a , w h i c h i n c r e a s e s t h e n o r m a l
c o n c e n t r a t i o n o f R n i n t h e a i r .
R e f i n i n g a n d C o n v e r s i o n
R e f i n i n g o f y e l l o w c a k e i n v o l v e s s e p a r a t i o n o f u r a n i u m f r o m i m p u r i t y
m e t a l s ,
n i t r a t e s
a n d
r e m a i n i n g
t r a c e s
o f
r a d i u m
a n d
t h o r i u m
t o
p r o d u c e
a
r e a c t o r
g r a d e
u r a n i u m
o x i d e
( U 0 3 ) .
C o n v e r s i o n
i s d e f i n e d
a s t h e
p r o c e s s
i n
w h i c h t h e U 0 3 i s c o n v e r t e d t o u r a n i u m h e x a f l u o r i d e , U F 6 , t h e g a s e o u s
c o m p o u n d
f e d
t o U . S .
d i f f u s i o n
p l a n t s
f o r
e n r i c h m e n t
o f u r a n i u m
i n t h e
f i s s i l e
i s o t o p e 2 3 5
U , o r c o n v e r t e d t o U 0 2 , w h i c h i s t h e U c o m p o u n d u s e d a s f u e l i n
C A N D U r e a c t o r s ( C a n a d i a n - D e u t e r i u m - U r a n i u m ) . B o t h r e f i n i n g a n d c o n v e r s i o n
p r o c e s s e s
a r e
c a r r i e d
o u t
a t a
r a t e
o f 5 , 0 0 0
t o n n e s
o f u r a n i u m
p e r
y e a r
a t
E l d o r a d o N u c l e a r L t d ' s p l a n t a t P o r t H o p e , O n t a r i o , o n t h e n o r t h s h o r e o f L a k e
O n t a r i o .
H o w e v e r ,
c o n s t r u c t i o n
o f a
n e w
r e f i n e r y
i s u n d e r w a y
a t B l i n d
R i v e r
o n t h e n o r t h c h a n n e l o f L a k e H u r o n t o p r o c e s s 1 8 , 0 0 0 t o n n e s p e r y e a r o f
u r a n i u m ( A t o m i c E n e r g y C o n t r o l B o a r d , B l i n d R i v e r , 1 9 8 0 ) , a n d a n e w U F 6
p l a n t
t o c o n v e r t
t h e
r e f i n e r y
o u t p u t
i s p l a n n e d
t o r e p l a c e
t h e
c o n v e r s i o n
p l a n t a t P o r t H o p e ( A t o m i c E n e r g y C o n t r o l B o a r d , P o r t H o p e , 1 9 8 0 ) .
A n e w a p p r o a c h t o t h e p r o b l e m o f d i s p o s a l o f t h e r e f i n e r y s o l i d w a s t e s
c o n t a i n i n g t h e r a d i o n u c l i d e s i s b e i n g t a k e n w h e r e b y t h e w a s t e s a r e s l u r r i e d
a n d
r e c y c l e d
t o
a u r a n i u m
m i l l
d i g e s t e r
t o
r e c o v e r
m i n o r
u r a n i u m
v a l u e s .
T h e





















E m i s s i o n s f r o m t h e r e f i n e r y w i l l b e e s s e n t i a l l y a i r b o r n e U p a r t i c u l a t e s a n d
N H 3 w h i l e t h e c o n v e r s i o n t o U F 6 p r o d u c e s e m i s s i o n s o f U p a r t i c u l a t e s a n d
H F . W a s t e s c o n t a i n i n g 2 2 6 R a a n d i t s d a u g h t e r s f r o m p a s t o p e r a t i o n s o f t h e
P o r t H o p e r e f i n e r y a r e b u r i e d i n a l a n d f i l l w a s t e m a n a g e m e n t s i t e a t P o r t
G r a n b y a b o u t 1 5 k m w e s t o f P o r t H o p e . S i m i l a r w a s t e s f r o m t h e r e f i n i n g o f
u r a n i u m d u r i n g t h e M a n h a t t a n P r o j e c t i n t h e 1 9 4 0 ' s a r e s t o r e d a t t h e L a k e
O n t a r i o O r d i n a n c e W o r k s o n t h e N i a g a r a R i v e r n e a r L e w i s t o n , N . Y .
E n r i c h m e n t
T h e r e a r e n o f a c i l i t i e s f o r u r a n i u m i s o t o p i c e n r i c h m e n t i n t h e G r e a t L a k e s
b a s i n . U F 6 p r o d u c e d b y E l d o r a d o N u c l e a r L t d . i s s h i p p e d t o t h e g a s e o u s
d i f f u s i o n p l a n t s a t O a k R i d g e i n T e n n e s s e e f o r e n r i c h m e n t t o a b o u t 3 % i n
2 3 5
U .
F a b r i c a t i o n
F a b r i c a t i o n o f f u e l b u n d l e s f o r t h e C A N D U r e a c t o r s i s c a r r i e d o u t i n
O n t a r i o a t t h r e e s i t e s : T o r o n t o , P e t e r b o r o u g h , a n d P o r t H o p e . T h e s e
o p e r a t i o n s , w h i c h i n c l u d e g r i n d i n g o f c e r a m i c U 0 2 p e l l e t s t o c l o s e
t o l e r a n c e s a n d s h e a t h i n g t h e p e l l e t s i n z i r c o n i u m t u b e s , a r e p e r f o r m e d u n d e r
c a r e f u l l y c o n t r o l l e d c o n d i t i o n s s u c h t h a t n o d e t e c t a b l e l e v e l s o f u r a n i u m
e s c a p e i n t o t h e e n v i r o n m e n t .
0 2 0 P r o d u c t i o n
0 2 0 i s r e q u i r e d f o r t h e s l o w i n g d o w n o f n e u t r o n s ( m o d e r a t i o n ) a n d f o r
t h e p r i m a r y h e a t t r a n s p o r t s y s t e m o f C A N D U r e a c t o r s . A n 8 0 0 t o n n e p e r y e a r
p l a n t i s i n o p e r a t i o n a n d a s e c o n d i s b e i n g c o n s t r u c t e d a d j a c e n t t o t h e B r u c e
N u c l e a r P l a n t G e n e r a t i n g S t a t i o n o n t h e e a s t c o a s t o f L a k e H u r o n . T h e p r o c e s s
i n v o l v e s e n r i c h m e n t o f t h e n a t u r a l l e v e l o f 0 2 0 i n H 2 0 t o 1 0 0 % b y H / D
e x c h a n g e w i t h H 2 3 i n h o t a n d c o l d t o w e r s , f o l l o w e d b y d i s t i l l a t i o n .
A l t h o u g h n o r a d i o a c t i v i t y i s e m i t t e d i n t h i s s t a g e o f t h e n u c l e a r f u e l c y c l e ,
a q u e o u s e m i s s i o n s o f H 2 5 i n t o L a k e H u r o n o c c u r a s d o a t m o s p h e r i c e m i s s i o n s






T A B L E 1 1
H ;
E M I S S I O N S
F R O M
B R U C E
D i )
P L A N T
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t o $ 0
2 )
A q u e o u s
D i r e c t
t o
l a k e
3 . 7
T o
s e t t l i n g












































































































































































































































































































































































































































































































































































































































































































































































































































i s n o t u n d e r p r e s s u r e .
6 2
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B L I N D L “ U r a n i u m m i n i n g a r e a











































P O I N T
M I D L A N D
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P A L I
























T A B L E 1 2
O P E R A T I N G N U C L E A R G E N E R A T I N G S T A T I O N S , 1 9 8 1
 
 
M i c h i g a n
H u r o n
E r i e
O n t a r i o
S t a t i o n
Z i o n l a n d 2
K e w a u n e e
P o i n t B e a c h
1 a n d 2
P a l i s a d e s
B i g R o c k P o i n t
C o o k 1 a n d 2
D o u g l a s P o i n t
B r u c e A
D a v i s - B e s s e 1
P i c k e r i n g 1 - 4
G i n n a
F i t z p a t r i c k
N i n e M i l e
P o i n t 1
R e a c t o r
L o c a t i o n T y p e
Z i o n , I l l i n o i s P W R
C a r l t o n , W i s c o n s i n P W R
M a n i t o w o c C o u n t y , P W R
W i s c o n s i n
C o v e r t T o w n s h i p , P W R
M i c h i g a n
C h a r l e v o i x C o u n t y , B W R
M i c h i g a n
B e n t o n H a r b o r , P W R
M i c h i g a n
T i v e r t o n , O n t a r i o C A N D U
T i v e r t o n , O n t a r i o C A N D U
O t t a w a C o u n t y , O h i o P W R
P i c k e r i n g , O n t a r i o C A N D U
O n t a r i o , N e w Y o r k P W R
O s w e g o , N e w Y o r k B W R
O s w e g o , N e w Y o r k B W R
E l e c t r i c a l
M
2 x 1 0 4 0
5 3 5
2 x 4 9 7
8 0 5
7 2
1 0 5 4
a n d 1 0 6 0
2 2 0
4 x 7 5 0
9 0 6







G a s e o u s f i s s i o n p r o d u c t e m i s s i o n s f r o m o p e r a t i n g r e a c t o r s a r e m a i n l y
r a d i o a c t i v e i s o t o p e s o f n o b l e g a s e s ( T a b l e 1 4 ) .
3 X e a l t h o u g h t h e C A N D U s y s t e m a l s o
3 H , a s t r i t i a t e d w a t e r w h i c h i s
e m i t m a i n l y 5 . 3 d a y h a l f - l i f e
d i s c h a r g e s q u a n t i t i e s o f 1 2 . 3 y e a r t r i t i u m ,
f o r m e d b y a b s o r p t i o n o f n e u t r o n s i n d e u t e r i u m , 2 H . T h e B W R r e a c t o r s
T h e p r e s s u r i z e d w a t e r t y p e s

























T A B L E 1 3
N U C L E A R
G E N E R A T I N G
S T A T I O N S
U N D E R
C O N S T R U C T I O N
O R














































































































































































































































































































































































































































































































































































































T A B L E 1 4
G A S E O U S
D I S C H A R G E S
F R O M
N U C L E A R
G E N E R A T I N G
S T A T I O N S
—













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































T A B L E 1 5
A Q U E O U S D I S C H A R G E S F R O M N U C L E A R G E N E R A T I N G S T A T I O N S - 1 9 7 9
 
A n n u a i R e i e a s e i n 1 0 1 0 B q
 
F i s s i o n a n d 3 H
S t a t i o n A c t i v a t i o n P r o d u c t s
B i g R o c k P o i n t 3 . 3 3 2 2 . 2
B r u c e A 2 1 . 2 6 5 4 , 7 3 0
C o o k 1 a n d 2 9 . 5 6 4 , 5 1 8
D a v i s - B e s s e 1 0 . 1 9 9 0 7
D o u g T a s P o i n t 0 . 9 3 1 2 , 8 5 9
F i t z p a t r i c k 0 . 2 2 9 3 3
G i n n a 0 . 3 3 7 0 4
K e w a u n e e
3 . 3 0
9 2 2
N i n e M i i e P o i n t 1 7 . 0 0 2 5 . 9
P a i i s a d e s
0 . 4 8
4 6 7
P i c k e r i n g 1 — 4 3 . 7 4 1 4 2 , 2 2 2
P o i n t
B e a c h
1 &
2
2 . 8 5
3 , 3 0 4
Z i o n
1 &
2
2 . 5 9




































I n C a n a d a t h i s p r o c e s s i s b e i n g d e v e i o p e d b y A t o m i c E n e r g y o f C a n a d a
L i m i t e d
i n
c o o p e r a t i o n
w i t h
o t h e r
f e d e r a ]
a g e n c i e s
a n d
u n i v e r s i t y
s c i e n t i s t s .
P h a s e
1 o r
t h e
" C o n c e p t
A s s e s s m e n t "
s t a g e
h a s
a r e s e a r c h
g o a T
o f
a s s e s s i n g
t h e
s a f e t y
a n d
e n v i r o n m e n t a i
i m p a c t
o f
i s o T a t i n g
t h e
i m m o b i i i z e d
f u e ]
i n
c r y s t a i i i n e
h a r d - r o c k
f o r m a t i o n s ,
5 0 0 - 1 0 0 0
m e t r e s
d e e p
i n
t h e
C a n a d i a n
S h i e i d
( A t o m i c
E n e r g y
o f
C a n a d a ,
L t d . ,
1 9 8 0 ) .
S u c h
r o c k
f o r m a t i o n s
a r e
k n o w n
a s
" p l u t o n s "
a n d
T a b o r a t o r y
a n d
f i e r
s t u d i e s
a r e
b e i n g
c a r r i e d
o u t
t o
d e t e r m i n e
t h e i r
g e o t e c h n i c a i
p r 0 p e r t i e s
a n d
h y d r o g e o T o g i c a T
c h a r a c t e r i s t i c s .




c o n c e p t
i s j u d g e d
a c c e p t a b i e
b y t h e
f e d e r a i
g o v e r n m e n t ,
s i t e
s e i e c t i o n
f r o m
a n u m b e r
o f
t e c h n i c a T T y
s u i t a b l e
s i t e s
w o u i d
b e
i n i t i a t e d .
O n c e








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































T h e l o n g - t e r m g o a l t o d i m i n i s h
c o n t a m i n a t e
t h e
S e r p e n t
R i v e r
s y s t e m ,
a n d
h e n c e
t h e
N o r t h
C h a n n e l
o f
L a k e
H u r o n ,
c a n
b e
a p p r o a c h e d
b y
c o n t r o l l i n g
e f f l u e n t s
f r o m
o p e r a t i n g
m i l l s .
S e v e r a l




d e v e l o p m e n t
s t a g e ,
w h i c h
s h o u l d
m a i n t a i n
e f f l u e n t
l e v e l s
o f
2 2 6 R a
b e l o w
t h e
o b j e c t i v e
o f
0 . 3 7
B q / L
t o t a l
( i . e . ,
d i s s o l v e d
p l u s
f i l t e r a b l e
2 2 6 R a )
p r o p o s e d
b y
A E C B .
H o w e v e r ,
T e a c h i n g
o f
2 2 6 R a
f r o m
a b a n d o n e d
t a i l i n g s ,
t r a n s p o r t e d
t h r o u g h
t h e
u n s a t u r a t e d
z o n e
t o
g r o u n d w a t e r
a n d
t h e n
t o
t h e
S e r p e n t
R i v e r
a p p e a r s
t o
a c c o u n t
f o r
m o s t
o f
t h e
2 2 6 R a
r e a c h i n g
t h e
N o r t h
C h a n n e l
( G r e a t
L a k e s
W a t e r
Q u a l i t y
B o a r d ,
1 9 7 9 ) .
U n l e s s
t e c h n i q u e s
a r e
d e v e l o p e d
t o
c u r t a i l
l e a c h i n g
f r o m
a b a n d o n e d
o r
p o s t -
o p e r a t i o n a l
t a i l i n g s
t h e
I J C
r a d i o a c t i v i t y




1 0 ' 5
S v
( 1
m i l l i r e m )
p e r
y e a r ,
w h i c h
t r a n s l a t e s
t o
0 . 0 5
B q / L
2 2 6 R a
b a s e d
o n
I C R P ' s
l i m i t s
o n
a n n u a l
i n t a k e s
o f
r a d i o n u c l i d e s
( I n t e r n a t i o n a l
C o m m i s s i o n
o n
R a d i o l o g i c a l
P r o t e c t i o n ,
1 9 7 9 ) ,
w i l l
c o n t i n u e
t o
b e
e x c e e d e d
a t
t h e
m o u t h
o f
t h e S e r p e n t R i v e r .



















































































































































































































































































































































































































































































































































































































































































































































































































i n h a l a t i o n o f 3 H a n d
d o s e
l i m i t
t o
a n
i n d i v i d u a l
a t
t h e
p l a n t




1 0 ' 5
S v
( 5
m i l l i r e m s )
p e r
y e a r
i n
C a n a d a
w h i l e
U . S .
E P A ' s
d o s e




1 0 ' 5
S v
( 2 5
m i l l i r e m s )
f r o m
a l l
p l a n n e d
d i s c h a r g e s .
O b v i o u s l y ,
t h e
m a g n i t u d e
o f
t h i s
i m p a c t
c a n
b e
r e d u c e d
b y
s i t i n g
n u c l e a r
g e n e r a t i n g
s t a t i o n s
w e l l
a w a y
f r o m
p o p u l a t i o n
c e n t r e s .
H o w e v e r ,
t h e
a q u e o u s
r e l e a s e s
f r o m
o p e r a t i n g
s t a t i o n s ,
b o t h
r a d i o a c t i v e
a n d
t h e r m a l ,
w i l l
i n f l u e n c e
t h e
w a t e r
q u a l i t y
o f
t h e
G r e a t
L a k e s
a s
l o n g
a s
o n c e - t h r o u g h
c o o l i n g
s y s t e m s
a r e
u s e d
a n d

































































s o f h
e a t
e d w a
t e r e
n t e
r i n
g t h e
l i t
t o r




c t s p
a w n






















C u r r
e n t
l e v e
l s o
f r a
d i o n




r e a t




f a l l
o u t
f r o m
n u c l
e a r
w e a p
o n s




a t m o




m e a s
u r e d
o n
a r
e g u l
a r
b a s i
s
b y r
e g u l
a t o r
y a g
e n c i
e s .
T h e
r e s u
l t s
h a v e
b e e n
r e p o
r t e d
a n n u
a l l y
b y t
h e W
a t e r
Q u a l
i t y
B o a r
d ' s
R a d i
o a c t
i v i t
y
S u b c
o m m i
t t e e
f r o m
1 9 7 6
t h r o
u g h
1 9 7 9
.
T h e
d o s e
c o m m
i t m e
n t s
t o i
n d i v
i d u a
l s
d r i n
k i n g
w a t e
r f
r o m
e a c h
o f t
h e G
r e a t
L a k e
s d
u r i n
g
1 9 7 9
w e r e
:
L a k e
S u p e
r i o r




L a k e
M i c h
i g a n




L a k e
H u r o
n




L a k e
E r i e





L a k e
O n t a
r i o
0 . 1 3
x 1 0 ' 5 S v a n d e s s e
n t i a
l l y
w e r e d u e t o 9 O S r ( D u r
h a m
3 1 3 1 . , 1 9 8 0
) .
A s s u
m i n g
n o
f u r t
h e r
a t m o
s p h e
r i c
t e s t
i n g
o f
n u c l
e a r
w e a p
o n s
t h e
c o n c
e n t r





1 3 7 0
5 w
i l l
d e c r
e a s e
a s
a r e
s u l t
o f
r a d i
o a c t
i v e
d e c a
y a
n d
f l u s
h i n g
o f
t h e




o t h e
r h
a n d ,
t h e
c o n c
e n t r




w i l l
g r a d
u a l l
y i n
c r e a
s e s





c o m p
o n e n
t o f
a q u e
o u s
r a d i
o n u c
l i d e
e m i s
s i o n
s
f r o m
n u c l
e a r
p o w e
r
o p e r
a t i o
n s ,
e s p e
c i a l
l y
f r o m
t h e
C A N D
U




y e a r
2 0 0 0
t h e
9 0 S r
a n n u
a l
d o s e
c o m m
i t m e
n t
s h o u
l d
b e
a b o u
t





L a k e
O n t a
r i o
w h i l
e
t h a t
f r o m
t h e
3 H
w i l l
h a v e
i n c r









d o s e
i n c r
e m e n
t
w a s
c a l c




U . S .
E P A
O f f i
c e
o f
R a d i
a t i o
n
P r o g
r a m s





e s t i
m a t e
o f
C A N D
U
i n s t
a l l e
d
c a p a
c i t y
o f
5 0 , 6
0 0
M W
w h e r
e a s
c u r r
e n t
p r e d
i c t i
o n s
c a l l
f o r
1 0 , 6
0 0
M W e
( S u l
l i v a
n
a n d
E l l e
t ,
1 9 7 7
) .
E v e n
a t
t h i s
l e v e
l
t h e
c o m m
i t t e
d
a n n u
a l
d o s e
w o u l
d
b e
a p p r
e c i a
b l y
l e s s
t h a n
t h e
I J C
r a d i
o a c t
i v i t
y
o b j e








i l l i
r e m )
f r o m
d r i n
k i n g
l a k e w a t e
r .
W h i l e t h e e n v i r o n m e n t a l i m p a c t o f a w e l l - o p e r a t e d n u c l e a r g e n e r a t i n g
s t a t i o n
i s
q u a n t i f i a b l e ,
f e a r
e x i s t s
o f
a m a j o r
a c c i d e n t
r e l e a s i n g
l a r g e
q u a n t i t i e s
o f r a d i o a c t i v i t y
t o t h e
e n v i r o n m e n t .
S e v e r a l
s t u d i e s
h a v e
b e e n
c o n d u c t e d
t o
d e t e r m i n e
t h e
r i s k
a s s o c i a t e d
w i t h
a r e a c t o r
c o r e
m e l t - d o w n
w i t h
t h e
m o s t
d e t a i l e d ,
b u t
n o n e t h e l e s s
c o n t r o v e r s i a l ,
b e i n g
t h e
R a s m u s s e n
R e a c t o r
S a f e t y
S t u d y
( U . S .
N u c l e a r
R e g u l a t o r y
C o m m i s s i o n ,
1 9 7 5 ) .
A l t h o u g h
a c o r e
m e l t - d o w n w i t h r e s u l t a n t h i g h - c o n s e q u e n c e e f f e c t s m a y h a v e a v e r y l o w
p r o b a b i l i t y ,
t h e
p r o b a b i l i t y
o f
a b n o r m a l
e v e n t s
w i t h
l o w e r
















































































































































































































































































































































































































































































































































































































































































































































































 T A B L E 1 5
E S T I M A T E D U N I T E D S T A T E S E M I S S I O N S O U R C E C O N T R I B U T I O N S
I N 1 9 9 5 F O R P A R T I C U L A T E S ,
S U L F U R D I O X I D E , A N D N I T R O G E N O X I D E
( m i T T i o n t o n n e s )
 
 
S o u r c e P a r t i c u T a t e s S q u u r O x i d e s N i t r o g e n O x i d e s
C o a T — f i r e d p o w e r p T a n t s 1 . 1 2 1 3 . 6 7 7 . 5 4
I n d u s t r i a T c o m b u s t i o n 0 . 4 9 5 . 3 2 4 . 2 2
C o a T c o n v e r s i o n p T a n t s 0 . 0 2 0 . 1 8 0 . 0 8
0 i T s h a T e p T a n t s 0 . 0 2 0 . 0 1 0 . 1 0
O t h e r e m i s s i o n s o u r c e s 9 . 2 7 6 . 3 3 1 0 . 4 5
T o t a T 1 0 . 9 2 2 5 . 5 1 2 2 . 3 9
P e r c e n t s y n f u e T s /
t o t a T e m i s s i o n s 0 . 3 % 0 . 8 % 0 . 8 %
 
 
S o u r c e : U . S . D e p a r t m e n t o f E n e r g y , T e c h n o T o g y , 1 9 8 0 .
“ O t h e r " i n c T u d e s m a i n T y n o n - e n e r g y s e c t o r s o u r c e s s u c h a s o r e
s m e T t i n g , i n d u s t r i a T s o u r c e s ( c e m e n t , s t e e T , e t c . ) , a n d t h e
t r a n s p o r t a t i o n s e c t o r ( f o r N O X ) .
A s s u m e d 5 % n f u e 1 p r o d u c t i o n T e v e T s : T i q u e f a c t i o n , 0 . 6 m i T T i o n b a r r e T s
p e r d a y ( B D ) ; g a s i f i c a t i o n , 0 . 4 M 3 0 ; o i 1 s h a T e , 0 . 3 M B D ; b i o m a s s ,
0 . 2 M B D .
 
 
s i g n i f i c a n c e o f t h e i s s u e , t h e d e g r e e t o w h i c h g a p s a n d u n c e r t a i n t i e s i n t h e
d a t a p r e v e n t c o n c i s e a n s w e r s a t t h e p r e s e n t t i m e , a n d t h e p r i o r i t i e s f o r
f u r t h e r r e s e a r c h a n d a s s e s s m e n t .
T h e O v e r a T T S i g n i f i c a n c e o f S y n f u e T s D e v e T o p m e n t a s a S o u r c e o f T o x i c M a t e r i a T
T a b T e 1 6 s h o w s a n e s t i m a t e o f t h e o v e r a T T s i g n i f i c a n c e o f s y n f u e T p i a n t
e m i s s i o n s i n t h e U n i t e d S t a t e s f o r a 1 9 9 5 e n e r g y s c e n a r i o p r e p a r e d b y t h e U . S .
D e p a r t m e n t o f E n e r g y ( U . S . D e p a r t m e n t o f E n e r g y , T e c h n o T o g y , 1 9 8 0 ) . F o r a
t o t a T s y n f u e i p r o d u c t i o n 1 e v e T o f 1 . 5 m i T T i o n b a r r e T s p e r d a y ( M B D ) , t h e
p e r c e n t a g e c o n t r i b u t i o n o f s y n f u e T p T a n t s t o t o t a T , n a t i o n a T e m i s s i o n s i s
e x t r e m e T y s m a T T . T h e r e i s s o m e u n c e r t a i n t y o v e r T i k e T y s y n f u e T p r o d u c t i o n
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t o m i
n e m o u
t h .
T w o c o n c l u s i o n s m a y b e d r a w n a t t h i s p o i n t i n t h e a n a l y s i s .
1 .
T h e
s y n t h e t i c
f u e l s
i n d u s t r y
i s
n o t
l i k e l y
t o
b e
l o c a t e d
i n
t h e











































c o n c e r n f o r t h e G r e a t L a k e s .
 
 




n f u e
l P r





























2 . R e l a t i v e t o s y n f u e l p l a n t a i r p a t h w a y s , i t i s o n l y t h e L R T A P e f f e c t
t h a t i s o f p o t e n t i a l c o n c e r n f o r t h e G r e a t L a k e s b a s i n , s i n c e
n e a r - f i e l d e f f e c t s a t s u c h f a c i l i t i e s a r e n o t o f d i r e c t i n t e r e s t .
L o n g R a n g e T r a n s p o r t
 
T h e m a g n i t u d e o f l o n g r a n g e a i r t r a n s p o r t o f t h e p o l l u t a n t s o f i n t e r e s t
w a s e s t a b l i s h e d u s i n g a m a t r i x t e c h n i q u e d e v e l o p e d a t B r o o k h a v e n N a t i o n a l
L a b o r a t o r y ( B N L ) a n d P a c i f i c N o r t h w e s t L a b o r a t o r y ( P N L ) .
T h e t e c h n i q u e i n v o l v e s t h e a p p l i c a t i o n o f m a t r i c e s d e r i v e d f r o m L a g r a n g i a n
t r a j e c t o r y m o d e l s , a n d r e s t s o n t h e a s s u m p t i o n t h a t a v e r a g e c o n c e n t r a t i o n i n a
g e o g r a p h i c
r e g i o n
d e p e n d s
l i n e a r l y
o n t h e
e m i s s i o n
r a t e
i n t h i s
a n d
e v e r y
o t h e r r e g i o n , i . e . ,
2 4 3 3 k k
c ( t ) , = H k ; T 1 J E J ( t )
e 9 - _ _ £ _ T u ~
[ m 3 ] [ m 3 . 1 0 t ] [ 1 0 % ]
w h e r e E § ( t ) i s t h e a v e r a g e e m i s s i o n r a t e o f t h e E r e c u r s o r p o l l u t a n t f r o m
s o u r c e c a t e g o r y k i n r e g i o n j i n p e r i o d t , a n d T i j i s t h e t r a n s p o r t c o e f f i -
c i e n t c a l c u l a t e d b y t h e m o d e l f o r t r a n s p o r t f r o m r e g i o n j t o i f o r s o u r c e s o f
t y p e k . T h e t h r e e s o u r c e t y p e s a r e d i s t i n g u i s h e d a c c o r d i n g t o e f f e c t i v e s t a c k
h e i g h t s , c o r r e s p o n d i n g t o u t i l i t y ( 2 0 0 m ) , i n d u s t r i a l ( 1 0 0 m ) a n d a r e a s o u r c e
( 2 0 m ) e m i s s i o n s . T h e m e t h o d o l o g y h a s b e e n d e v e l o p e d w i t h t h e 2 4 3 A i r Q u a l i t y
C o n t r o l R e g i o n s ( A C Q R ' s ) o f t h e U . S . a s b o t h t h e s o u r c e a n d r e c e p t o r a r e a s ,
o v e r w h i c h C ( t ) r e p r e s e n t s a s p a t i a l a n d t e m p o r a l a v e r a g e .
T o d a t e m a t r i c e s h a v e b e e n d e v e l o p e d f o r r e s p i r a b l e p a r t i c u l a t e s ,
$ 0 2 , a n d $ 0 4 ; n o n e h a v e y e t b e e n d e v e l o p e d f o r N 0 X o r f o r s p e c i f i c t r a c e
m e t a l s o r t o x i c o r g a n i c s . H o w e v e r , f o r t h e p u r p o s e s o f e s t a b l i s h i n g t h e
r e l a t i v e
o r d e r s
o f
m a g n i t u d e
o f
t h e
L R T A P ,
a p p l i c a t i o n
o f
t h e
















m a t r
i c e s
t o s
e v e r
a l
t r a c
e m e
t a l s
o f i
n t e r
e s t





s e e m
s r e
a -
s o n a
b l e .
N 0 X b e h a
v i o r
m i g h
t
b e s i m u
l a t e
d
b y a p p l
i c a t
i o n
o f t h e $ 0 2 m a t r
i x ,
a l t h
o u g h
t h i s w o u l
d
p r o b
a b l y
y i e l
d
a n o v e r
e s t i
m a t e
a t l o n g d i s t
a n c e
s .
P A H
b e h a
v i o r
m i g h
t r e
a s o n
a b l y
b e e




i n t o
t h e





p a r t
i c u l
a t e
c o e f
f i c i
e n t s
.
E s p e




l o n g
e r
d i s t
a n c e
s ,
t h e
e s s e
n t i a
l l y
c o n s
e r v a
t i v e
p o l l
u t a n
t
b e h a
v i o r
a s s u
m e d
b y t h e p a r t
i c u l
a t e
a n a l
y s i s
( s u b
j e c t






d e p o
s i t i
o n
m e c h
a n i s
m s ) ,
w i l l
y i e l
d
t h e
h i g h
e r
n u m e
r i c a
l
v a l u
e
o f c o e f
f i c i
e n t ;
t h e $ 0 2 c o e f
f i c i
e n t ,
a l s o b e i n
g
s u b j
e c t
t o r e m o
v a l
b y o x i d
a t i o
n
t o $ 0 4 , w i l l y i e l
d
t h e l o w e
r
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T A B L E 1 7
L O N G R A N G E T R A N S P O R T C O E F F I C I E N T S F O R P A R T I C U L A T E S




F r a n A C Q R 6 7 A C Q R 1 2 9 A C Q R 1 5 8 A C Q R 1 7 4
A C Q R C h i c a g o N . M i n n e s o t a E . L a k e O n t a r i o S . L a k e E r i e
6 7 2 x 1 0 ‘ 2 1 x 1 0 ' 4 8 x 1 0 ' 3 2 x 1 0 ' 3
C h i c a g o
1 2 9 7 x 1 0 ’ 3 1 x 1 0 ' 2 4 x 1 0 ‘ 4 3 x 1 0 ' 4
N . M i n n e s o t a
1 5 8 o o 2 x 1 0 ' 2 0
E . L a k e O n t a r i o
1 7 4 8 x 1 0 ‘ 5 2 x 1 0 ‘ 5 2 x 1 0 ‘ 3 2 x 1 0 ‘ 2
S . L a k e E r i e
3 5 1 x 1 0 ' 4 6 x 1 0 ‘ 5 3 x 1 0 ' 5 4 x 1 0 ' 5
( 0 1 1 S h a l e
1 4 8 x 1 0 ‘ 4 6 x 1 0 ‘ 5 3 x 1 0 ' 5 4 x 1 0 ‘ 5
( F o u r C o r n e r s )
1 7 2 2 x 1 0 ' 4 1 x 1 0 ' 3 1 x 1 0 ' 4 1 x 1 0 ' 4
( N . G r e a t P l a i n s )
7 7 4 x 1 0 ' 4 7 x 1 0 ‘ 4 6 x 1 0 ' 4 1 x 1 0 ' 3
( S . I l l i n o i s )
2 4 1 2 x 1 0 ' 4 2 x 1 0 ' 4 4 x 1 0 ‘ 5 6 x 1 0 ” 5
( W y o m i n g )
1 5 1 1 0 x 1 0 ' 1 1 0 2 x 1 0 ' 3 1 x 1 0 ' 7
( P e n n s y l v a n i a )
2 3 5 3 x 1 0 ‘ 6 7 x 1 0 ' 6 1 x 1 0 ' 3 2 x 1 0 ' 4




   
 
T a b l e s 1 7 t o 1 9 f o r c o e f f i c i e n t s o n e o r d e r o f m a g n i t u d e s m a l l e r t h a n
d i a g o n a l t e r m s , l e a d s t o t h e f o l l o w i n g A Q C R p a i r i n g s :
t h e
N o r t h e r n G r e a t P l a i n s a n d t h e L a k e S u p e r i o r s u r r o g a t e ( A Q C R 1 2 9 )
S o u t h e r n I l l i n o i s a n d t h e L a k e M i c h i g a n a n d L a k e E r i e s u r r o g a t e s
a n d 1 7 4 )
P e n n s y l v a n i a a n d t h e L a k e O n t a r i o s u r r o g a t e ( A Q C R 1 5 8 )
( A Q C R 6 7
W e s t V i r g i n i a a n d t h e L a k e E r i e a n d L a k e O n t a r i o s u r r o g a t e s ( A Q C R 1 5 8









T A B L E 1 8
L O N G
R A N G E
T R A N S P O R T
C O E F F I C I E N T S
F O R
5 0 2
( p g / m 3 / 1 0 0 0 t o n n e s )
T o
F r o m
R C O R
6 7
A C Q R
1 2 9
A c O R
1 5 8
A C Q R
1 7 4
A C Q R
C h i c a g o
N .
M i n n e s o t a
E .
L a k e
O n t a r i o
S .
L a k e




1 0 ‘ 2
6
x
1 0 ' 6
1
x
1 0 ‘ 4
3
x
1 0 ' 4




1 0 ' 4
8
x
1 0 ‘ 3
1
x
1 0 ' 5
4
x
1 0 ' 5






1 0 ' 2
4
x
1 0 ' 6




1 0 ‘ 5
3
x
1 0 ' 9
6
x
1 0 ' 4
6
x
1 0 ' 2




1 0 ' 7
3
x




1 0 ' 9




1 0 ' 7
2
x
1 0 ' 8
3
x
1 0 ' 1 2
2
x
1 0 ' 5
( F o u r C o r n e r s )
1 7 2
9 x
1 0 ' 6
2 x
1 0 ' 4
7 x




( N . G r e a t P l a i n s )
7 7
2 x
1 0 ' 4
9 x
1 0 ‘ 1 0
9 x
1 0 ‘ 7
4 x
1 0 ‘ 4




1 0 ' 6
O
0





1 0 ‘ 4
2 x
1 0 ' 6













































































































































T A B L E 1 9
L O N G
R A N G E
T R A N S P O R T
C O E F F I C I E N T S
F O R
3 0 4
( p g / m 3 / 1 0 0 0 t o n n e s )
T o
F r a n
A C Q R
6 7
A C Q R
1 2 9
A C Q R
1 5 8




C h i c a g o
N .
M i n n e s o t a
E .
L a k e
O n t a r i o
S .
L a k e
E r i e
6 7
6 x
1 0 ' 3
3 x
1 0 ‘ 5
6 x
1 0 ' 4
4 x
1 0 ' 4
C h i c a g o
1 2 9
3 x
1 0 ' 4
2 x
1 0 ' 3
2 x
1 0 ' 4
2 x
1 0 ‘ 4





1 0 ' 3
3 x
1 0 ‘ 5
E . L a k e O n t a r i o
1 7 4
2 x
1 0 ' 4
6 x
1 0 ' 7
6 x
1 0 ' 4
1 0
x 1 0 ' 3
S . L a k e E r i e
3 5
2 x
1 0 ' 5
2 x





( 0 1 1 S h a l e
1 4
4 x
1 0 ' 7
2 x
1 0 ' 6
1 0
x 1 0 ' 1 0
3 x
1 0 ' 6
( F o u r C o r n e r s )
1 7 2 9 x 1 0 ‘ 5 4 x 1 0 ' 4 1 x 1 0 ' 5 4 x 1 0 ' 5
( N . G r e a t P l a i n s )
7 7 9 x 1 0 ' 4 2 x 1 0 ’ 8 3 x 1 0 ' 4 9 x 1 0 ' 4
( 5 .
I l l i n o i s )
" “ “ “ ‘
_ _ _ _ _ _ _ _
2 4 1 O 3 x 1 0 ’ 5 O 0





1 0 ' 4
2 x
1 0 ‘ 5
( P e n n s y l v a n i a )
- 7 - 4 — 4
2 3 5 7 x 1 0 O 3 x 1 0 1 0 x 1 0
( w . V i r g i n i a )
 
F i n a l l y , i t s h o u l d b e n o t e d t h a t p o t e n t i a l C a n a d i a n s y n f u e l s p l a n t s , a n d
t h e
T a r
S a n d s
p l a n t s
i n p a r t i c u l a r ,
a r e
a l s o
m o s t
l i k e l y
t o b e
l o c a t e d
a t a
g r e a t d i s t a n c e f r o m t h e G r e a t L a k e s b a s i n ; f o r t h e s e d i s t a n c e s o n e w o u l d
e x p e c t
L R T
c o e f f i c i e n t s
a l s o
t o b e
a t l e a s t
1 o r
2 o r d e r s
o f m a g n i t u d e
l e s s




























































































































































































































































































































































































































































































































































































































































































































































































































































    
 
  
T A B L E 2 0
5 0 2 A N D N O X R E S I D U A L S P E R U N I T O F E N E R G Y O U T P U T
( t o n n e s / 1 0 1 5 J o u T e s )
 
 
   
    
   
 
    
   
  
 
T e c h n o i o g y
L i u e f a c t i o n
S R C - I I ( U . S . D O E , T e c h n o i o g y , 1 9 8 0 ) 1 9
( O R N L , 1 9 7 8 ) 1 4
H - C o a i ( U . S . D O E , T e c h n o i o g y , 1 9 8 0 ) 6 2
( O R N L , 1 9 7 8 ) 1 7
G a s i f i c a t i o n
L u r g i
w . V i r g i n i a ( O R N L 1 9 7 8 ) 7 6
W y o d a k ( O R N L 1 9 7 8 ) 2 8
L i g n i t e , ( U . S . D O E , T e c h n o i o g y , 1 9 8 0 ) 2 2 7
W e s t e r n S u b b i t u m i n o u s ( D O E ,
T e c h n o l o g y , 1 9 8 0 ) 2 2
O i l S h a l e
T o s c o - I I ( O R N L , 1 9 7 8 ) 5 6
( U . S . D O E , T e c h n o i o g y , 1 9 8 0 ) 9 . 5
P a r a h o ( U . S . D O E , O i T , 1 9 8 0 ) 2 3
C o n v e n t i o n a l C o a i C o m b u s t i o n
 
   
 
 
E a s t e r n , B i t u m i n o u s ( U . S . D O E ,
T e c h n o ] o g y , 1 9 8 0 ) 7 3 1

















    
  
    
a s s e s s m e n t s .
1 9 8 0 ) n o t e s :
 
" U n q u a n t i f i e d a m o u n t s o f P A H a r e e x p e c t e d t o b e e m i t t e d
w i t h p a r t i c u i a t e s w h i c h e s c a p e a i r p o i i u t i o n e q u i p m e n t "
w i t h r e s p e c t t o t h e S R C - I I i i q u e f a c t i o n p r o c e s s , ( H o p k i n s
g t 3 1 . , 1 9 7 8 ) .
E v e n w i t h r e s p e c t t o c o n v e n t i o n a l c o a i c o m b u s t i o n , t h e r e i s v e r y T i t t i e
q u a n t i t a t i v e d a t a f o r P A H , a s h o r t c o m i n g n o t e d b y a n u m b e r o f r e c e n t
F o r e x a m p T e , a r e c e n t s t u d y o f T e k n e k r o n ( C h r i s t m a n e t _ a l . ,
 
 
 T A B L E 2 1
T R A C E E L E M E N T R E S I D U A L S P E R U N I T O F E N E R G Y O U T P U T




P o l y —
n u c l e a r
O r g a n i c
T e c h n o l o g y C d H g Z n P b M a t e r i a l
L i g u i f a c t i o n
- 4 - 5 - 3 — 4 - 9
S R C - I I ( U . S . D O E , 1 . 5 X 1 0 2 . 5 X 1 0 1 . 1 x l O 5 x 1 0 1 . 3 x 1 0
T e c h n o l o g y , 1 9 8 0 )
( O R N L , 1 9 7 8 ) 1 . 1 x 1 0 ' 4 2 . 0 x 1 0 ' 5 0 . 9 x 1 0 ' 3 4 . 1 x 1 0 ' 4 0 . 9 x 1 0 ' 3
— 2 - 3 - 2 2
H - C o a l ( O R N L , 1 9 7 8 ) 0 . 9 x 1 0 5 . 3 x 1 0 5 x 1 0 0 . 9 x l D - - -
G a s i f i c a t i o n
O i l S h a l e
C o n v e n t i o n a l C o a l
E a s t e r n
B i t u m i n o u s
2 x 1 0 - 4
- - -
- - -
3 x 1 0 - 3
— - -
( U . S . D e p a r t m e n t o f E n e r g y , T e c h n o l o g y , 1 9 8 0 )
W e s t e r n B i t u m i n o u s ( U . S . D O E , 4 x 1 0 ' 4 — — — 0 . 9 x 1 0 ' 2 0 . 9 x 1 0 - 3 — - -
( U . S . D e p a r t m e n t o f E n e r g y , C o a l , 1 9 8 1 )
 
 
" T h e r e a r e l i m i t e d d a t a o n t h e r e l a t i v e c o n c e n t r a t i o n s o f s p e c i f i c
o r g a n i c c o m p o u n d s i n c o a l d e r i v e d f l u e g a s . D a t a o n a m b i e n t
c o n c e n t r a t i o n s o f s p e c i f i c o r g a n i c s i n t h e v i c i n i t y o f c o a l - f i r e d
p o w e r p l a n t s a r e v i r t u a l l y n o n - e x i s t e n t "
F o r t h e p u r p o s e s o f t h i s p r e l i m i n a r y a s s e s s m e n t , t h e n , i t s e e m s c l e a r t h a t
t h e r e i s v e r y l i t t l e b a s i s i n d e e d f o r t a l k i n g o f e m i s s i o n f a c t o r s f o r P A H i n
























T A B L E 2 2
E M I S S I O N S
A T
S O M E
M A J O R
S Y N F U E L
F A C I L I T I E S



















































x 1 0 f t / d
a y
)




















































































































( 5 0 , 0 0 0 b e S / d a y )
L o w e r A r m s t r o n g g
( 1 8 7 8
M W ,
A r m s t r o n g
C t y ,
P A )
3 7 1 0 4
3 7 1 0 4
0 . 1 5
0 . 6 5
3 . 8
4 . 4
5 0 0 M w W e s t e r n C o a ]
S u b j e c t
t o
N S P S d
6 4 8 6
9 2 5 3
0 . 0 0 4
-
0 . 3 0 3
0 . 0 1 4
5 0 0 M W I I I i n o i s C o a I
S u b j e c t
t o
N S P S e
9 2 5 3
9 2 5 3
0 . 0 0 2
-
—
0 . 0 0 6
 
 
A r i z o n a P u i n c S e r v i c e C o . , 1 9 7 5 .
G I a s s
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L o u c k s ,
1 9 8 0 ,
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a 7 0 %
p I a n t
f a c t o r
U . D e p a r t m e n t o f E n e r g y , 0 i ] , 1 9 8 0
U .
D e p a r t m e n t
o f
E n e r g y ,
M a t r i x ,
1 9 8 1
U .
D e p a r t m e n t
o f
E n e r g y ,
T e c h n o I o g y ,
1 9 8 0
U .
D e p a r t m e n t
o f
E n e r g y ,
P r o g r a m m a t i c ,
1 9 8 0
U .
E n v i r o n m e n t a I
P r o t e c t i o n
A g e n c y ,
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1 9 7 8
U .
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1 9 8 0 .
W i t h
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E I S
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A n t h r a c i t e
0 . 1 1
0 . 1 9
7 . 5
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( 1 . 0 - ? 4 . 1 )
( 0 . 1 - 6 4 . 6 )
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B i t u m i n o u s
0 . 1 4
0 . 3
1 0 . 9
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( 0 . 0 1 - 3 . 3 0 )
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( l . 0 - 6 9 . 0 )
( 1 . 5 - 1 0 7 2 . 0 )
I n t e r i o r
B i t u m i n o u s




( 0 . 0 3 - 1 . 0 )
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( 2 . 8 - 1 2 9 )
( 5 - 2 0 1 )
G u l f
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L i g n i t e
0 . 1
0 . 1 2
1 9
5 8
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( 1 . 2 - 1 8 0 0 0 )
N o r t h e r n
G r e a t
P l a i n s




( 0 . 0 1 — 0 . 4 9 )
( 0 . 1 - 0 . 5 )
( 1 . 5 - 4 2 )
( 1 — 8 6 )
R o c k y
M o u n t a i n
P r o v i n c e




( 0 . 0 1 - 1 . 4 8 )
( 0 . 0 3 - 0 . 5 )
( 0 . 9 - 1 9 )
( 1 . 0 - 1 3 0 )
S o u r c e : S w a n s o n , V . E . g t _ a l . , 1 9 7 6 .
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m e a n s
( e x p e c t e d
v a l u e ) ;
n u m b e r s
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p a r e n t h e s e s
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t h e
r a n g e
o f


































































































































































































































































































































































































































































































































































l e v e
l











































































































































































































































































































































































































































v e i m
p o r
t a n
















































































B e c a
u s e
t h e
L R T A
P e f
f e c t
c a n
i n d e
e d b
e s i
g n i f
i c a n
t i f




s u f f
i c i e
n t
n u m b
e r
o f
d i s t
a n t
f a c i
l i t i
e s
( t h a
t
e a c h
c o n t
r i b u
t e
o n l y
a s
m a l l
p a r t
,
b u t
w h o s
e
t o t a
l
c o n t
r i b u
t i o n
m a y
b e
l a r g
e ) ,
t h e
q u e s
t i o n




c o m p
a r i n
g
t h e
l e v e
l
o f
s y n f
u e l s
d e v e
l o p m
e n t
o u t s
i d e
t h e








c o n v
e n t i
o n a l
c o a l
p l a n
t s
w i t h
i n
t h e
r e g i
o n .
O n l y
i f
s y n f
u e l s
d e v e


















































































































c o v N






F i g u r e 8
1 N e w E n g l a n d
2 N Y / N J
3 M i d A t l a n t i c
4 S o u t h A t l a n t i c
5 M i d w e s t
6 S o u t h w e s t
7 C e n t r a l
8 N o r t h C e n t r a l
9 W e s t
1 0 N o r t h w e s t
F i g u r e 9
 















P o p u l a t i o n W e i g h t e d S u l f a t e C o n c e n t r a t i o n s











































L o c a l
 
 





V l l I H













o u t s i d e t h e r e g i o n i s t w o o r m o r e o r d e r s o f m a g n i t u d e g r e a t e r ( o n a n e n e r g y
L o u t p u t b a s i s ) t h a n c o a l b o i l e r s w i t h i n t h e r e g i o n a r e t h e r e g r o u n d s f o r
c l a i m i n g p o t e n t i a l s i g n i f i c a n c e o f s y n f u e l s e m i s s i o n s t o t h e G r e a t L a k e s b a s i n .
E s t a b l i s h i n g s u c h a c o m p a r i s o n w i t h a n y d e g r e e o f q u a n t i t a t i v e r i g o u r g o e s
b e y o n d t h e s c o p e o f t h i s p r e l i m i n a r y a s s e s s m e n t . H o w e v e r , a f i r s t - o r d e r
e s t i m a t e c a n b e m a d e i n t e r m s o f e q u i v a l e n t e n e r g y o u t p u t i n J o u l e s . I n 1 9 7 5
t h e r e w e r e s o m e 9 5 , 0 0 0 M W o f i n s t a l l e d c o a l - f i r e d c a p a c i t y i n R e g i o n s I I I a n d
V , w h i c h m a y r i s e t o s o m e 1 5 0 , 0 0 0 M N b y t h e y e a r 2 0 0 0 . I n a d d i t i o n , t h e r e i s
a b o u t 1 2 , 5 0 0 M W o f e x i s t i n g a n d p l a n n e d c o a l - f i r e d c a p a c i t y i n t h e O n t a r i o
H y d r o s y s t e m o n t h e C a n a d i a n s i d e ( O n t a r i o M i n i s t r y o f E n e r g y , C o a l 1 9 8 0 ;
O n t a r i o M i n i s t r y o f E n e r g y , O n t a r i o , 1 9 8 1 ) . T h i s t r a n s l a t e s t o s o m e 2 1 0 0 -
l 3 2 0 0 x 1 0 1 5 J o f e l e c t r i c a l g e n e r a t i o n o r 6 3 0 0 - 9 5 0 0 x 1 0 1 5 J o f c o a l
i n p u t . 1 . 5 M 8 0 o f s y n f u e l s o u t p u t c o r r e s p o n d s t o a b o u t 2 1 0 0 x 1 0 1 0 J / y r .
T h e s y n f u e l s o u t p u t i s t h u s a l o n g w a y f r o m b e i n g e v e n o n e o r d e r o f m a g n i t u d e
g r e a t e r t h a n i n t r a - r e g i o n a l c o a l c o m b u s t i o n . I t i s a p p a r e n t , t h e n , t h a t
c o n c e r n o v e r c o a l - f i r e d c o m b u s t i o n i n t h e G r e a t L a k e s b a s i n i t s e l f s h o u l d
d o m i n a t e a n y c o n c e r n o v e r d i s t a n t s y n f u e l s f a c i l i t i e s , s i n c e s y n f u e l s o u t p u t
w o u l d n e e d t o b e o n e t o t w o o r d e r s o f m a g n i t u d e g r e a t e r f o r L R T A P e f f e c t s t o
b e s i g n i f i c a n t .
C o n c l u s i o n s
B a s e d o n t h i s f i r s t o r d e r a n a l y s i s , t h e f o l l o w i n g c o n c l u s i o n s m a y b e d r a w n :
1 . T h e s y n t h e t i c f u e l s i n d u s t r y i s n o t l i k e l y t o b e l o c a t e d i n t h e G r e a t
L a k e s b a s i n i t s e l f . T h e r e f o r e , w a t e r a n d s o l i d w a s t e / l e a c h a t e
p a t h w a y s f o r e m i s s i o n s o f t o x i c s u b s t a n c e s f r o m s u c h f a c i l i t i e s a r e
n o t o f m a j o r c o n c e r n f o r t h e G r e a t L a k e s . S i m i l a r l y , a m o n g a i r
p a t h w a y s , i t i s o n l y t h e l o n g r a n g e t r a n s p o r t m e c h a n i s m t h a t i s o f
p o t e n t i a l i n t e r e s t ; n e a r f i e l d e f f e c t s , f u g i t i v e e m i s s i o n s a n d s o
f o r t h a r e o f n o d i r e c t i n t e r e s t .
2 . T h e m a g n i t u d e o f t h e l o n g r a n g e t r a n s p o r t o f a i r p o l l u t a n t s f r o m
d i s t a n t s y n f u e l s f a c i l i t i e s i s t w o o r m o r e o r d e r s o f m a g n i t u d e





s y n f u e l s p l a n t s a r e l i k e l y t o b e e q u a l t o o r s m a l l e r t h a n t h o s e f r o m
c o n v e n t i o n a l c o a l p l a n t s ( o n a n e n e r g y b a s i s ) , a n d s i n c e t h e t o t a l
e n e r g y o u t p u t o f e v e n t h e m o s t o p t i m i s t i c s y n f u e l s i n d u s t r y
p r o j e c t i o n i s s o m e w h a t l e s s t h a n t h e o u t p u t o f c o n v e n t i o n a l c o a l
p l a n t s i n t h e G r e a t L a k e s b a s i n r e g i o n i t s e l f , i t f o l l o w s t h a t t o t a l
L R T A P e f f e c t f r o m s y n f u e l s p l a n t s w i l l a l s o b e t w o o r m o r e o r d e r s o f
m a g n i t u d e s m a l l e r .
T h e i m m e d i a t e c o r o l l a r y i s t h a t t o t h e e x t e n t t h a t a i r t r a n s p o r t i s
a n i m p o r t a n t p a t h w a y f o r t h e i n t r o d u c t i o n o f t r a c e m e t a l s a n d t o x i c
o r g a n i c s u b s t a n c e s i n t o t h e G r e a t L a k e s b a s i n e c o s y s t e m , a s r e c e n t
e v i d e n c e w o u l d s u g g e s t , t h e f o c u s o f t r a c e e l e m e n t m a t e r i a l b a l a n c e s
m u s t b e c o n v e n t i o n a l c o a l b o i l e r s i n t h e G r e a t L a k e s b a s i n i t s e l f .
I n t e r m s o f t h e m o s t l i k e l y a r e a s o f L R T A P c o n c e r n , f o r t h e w e s t e r n
G r e a t L a k e s b a s i n ( a n d L a k e S u p e r i o r i n p a r t i c u l a r ) , c o n v e n t i o n a l
c o a l c o m b u s t i o n i n t h e n o r t h e r n G r e a t P l a i n s a r e a i s p o t e n t i a l l y t h e
m o s t i m p o r t a n t . H o w e v e r , t h e l i k e l y d e v e l o p m e n t o f c o a l g a s i f i c a t i o n
i n t h i s a r e a i s a t f a r t o o s m a l l a s c a l e t o b e v i e w e d a s a
s i g n i f i c a n t i n f l u e n c e f o r t h e f o r e s e e a b l e f u t u r e .
D e v e l o p m e n t s i n t h e f a r w e s t ( U t a h , t h e F o u r C o r n e r s a r e a , o i l s h a l e
d e v e l o p m e n t i n C o l o r a d o ) a r e s i m p l y t o o d i s t a n t t o h a v e a n y
m e a s u r a b l e i n f l u e n c e i n t h e G r e a t L a k e s b a s i n .
F o r t h e L a k e E r i e a n d L a k e O n t a r i o b a s i n s , t h e s t a t e s t o t h e s o u t h
a n d s o u t h w e s t a r e l i k e l y t o b e t h e f o c u s o f a n y L R T A P i n t e r e s t . /
H o w e v e r , e v e n t h o u g h a n u m b e r o f s y n f u e l s p l a n t s a r e e x p e c t e d i n t h i s
a r e a , e m i s s i o n s f r o m c o n v e n t i o n a l c o a l c o m b u s t i o n i n O h i o , w .
V i r g i n i a , K e n t u c k y , a n d I l l i n o i s w i l l d o m i n a t e a n y e f f e c t f r o m
s y n f u e l s p l a n t e m i s s i o n s i n t h e s e s a m e s t a t e s .
T h e f o l l o w i n g p r i o r i t i e s a r e s u g g e s t e d f o r a n y f u t u r e d e t a i l e d a n a l y s i s :
S i n c e t h e e l e c t r i c u t i l i t i e s i n t h e s t a t e s a r o u n d t h e G r e a t L a k e s a r e

































b a s i n , a d e t a i l e d i n v e n t o r y s h o u l d b e m a d e o f t h e f a t e o f t r a c e
m e t a l s
i n
c o a l
f o r
a l l
m a j o r
e l e c t r i c
u t i l i t i e s
a n d
l a r g e
i n d u s t r i a l
s o u r c e s
i n t h e
G r e a t
L a k e s
s t a t e s .
T h e
n e c e s s a r y
d a t a
f i l e s
f o r
b o t h
u t i l i t i e s
a n d
m a j o r
i n d u s t r i a l
b o i l e r s
a r e
r e a d i l y
a v a i l a b l e ,
a n d
t h e r e
i s
s u f f i c i e n t
d a t a
o n
t r a c e
m e t a l s
i n
c o a l ,
a n d
t h e i r
f a t e
i n
c o n v e n t i o n a l
c o m b u s t i o n
a s
a f u n c t i o n
o f
b o i l e r
t y p e
a n d
p o l l u t i o n
c o n t r o l
e q u i p m e n t ,
f o r
s u c h
a n
i n v e n t o r y
t o
b e
a t t e m p t e d .
T h e
o r d e r
o f
m a g n i t u d e
o f
a i r ,
w a t e r ,
a n d
s o l i d
w a s t e
p a t h w a y s
s h o u l d
b e
e s t a b l i s h e d .
H o w e v e r ,
i t i s
r e c o g n i z e d
t h a t
t h e
t r a c e
m e t a l
c o n t e n t
o f
c o a l s
i s
s u b j e c t
t o
w i d e
v a r i a t i o n ,
a n d
a n
a p p r o p r i a t e
p r o b a b i l i s t i c
a n a l y s i s
m u s t
b e d e v e l o p e d
t o t a k e
s u c h
v a r i a t i o n s
i n t o
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S o u r c e
T r a n s p o r t a t i o n
E l e c t r i c U t i l i t i e s
I n d u s t r i a l C o m b u s t i o n
R e s i d e n t i a l C o m b u s t i o n
I n d u s t r i a l P r o c e s s o r s
S o l i d W a s t e
M i s c e l l a n e o u s
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( 1 0 t o n n e s p e r y e a r )
 
S o u r c e
E l e c t r i c U t i l i t i e s
o f w h i c h c o a l — f i r e d
p o w e r p l a n t s
I n d u s t r i a l C o m b u s t i o n
o f w h i c h c o a l — f i r e d
T r a n s p o r t a t i o n
R e s i d e n t i a l C o m b u s t i o n
T o t a l I n d u s t r i a l
o f w h i c h p r i m a r y m e t a l s
o f w h i c h m i n e r a l p r o d u c t s
T o t a l a
1 0 8 6 ( 1 0 0 % )
s o X
2 0 7 ( 3 3 % )
1 6 6 ( 2 6 % )
6 2 . 2 ( 9 . 9 % )
2 7 . 9 ( 4 . 4 % )
3 3 1 ( 5 2 4 % )
1 8 . 5 ( 3 % )
1 3 . 1 ( 2 % )
0 . 3 ( — % )
7 . 4 ( 1 % )
6 3 1 ( 1 0 0 % )
P a r t i c u l a t e s











































































d a t a
o f T
a b l e
2 5 m
i g h t
s u g g
e s t .
M o r e
o v e r
, h
e a v y
a n d
t r a c
e m e
t a l
c o n c e n t r a t i o n s o f r e s i d u a l a n d d i s t i l l a t e o i l a s h a r e i n s o m e c a s e s e v e n
o r d e r s
o f
m a g n i t u d e
h i g h e r
t h a n
i n
c o a l
a s h .
V a n a d i u m ,
f o r
e x a m p l e ,
i s
i n
s u c h h i g h c o n c e n t r a t i o n i n c e r t a i n r e s i d u a l f u e l o i l s t h a t s o m e u t i l i t i e s
c o l l e c t s u c h a s h a s a r a w m a t e r i a l f o r v a n a d i u m e x t r a c t i o n .
A s e c o n d d i m e n s i o n t o t h e o v e r a l l p e r s p e c t i v e e m e r g e s f r o m t h e s t u d y d o n e
f o r
t h e
I J C ,
b y A c r e s
C o n s u l t i n g
S e r v i c e s ,
L t d .
( 1 9 7 5 ) ,
w h i c h
c o m p i l e d
a g g r e g a t e d e m i s s i o n s e s t i m a t e s a s s h o w n o n F i g u r e 1 0 . A g g r e g a t i o n t o t h e
U n i t e d
S t a t e s
a n d
C a n a d a
y i e l d s
t h e
r e s u l t
i n T a b l e
2 6
( A c r e s ,
1 9 7 5 ) .
T h e
S u d b u r y s m e l t e r i s t h e l a r g e s t s i n g l e s o u r c e o f $ 0 2 i n t h e r e g i o n ; e v e n s o ,
U n i t e d
S t a t e s
s o u r c e s
d o m i n a t e
a s
a w h o l e .
T h e
1 9 7 5
a n d
1 9 7 7
I J C
s t u d i e s
o f
a t m o s p h e r i c l o a d i n g s t o t h e G r e a t L a k e s b a s i n ( A c r e s , 1 9 7 5 , 1 9 7 7 ) s h o w t h a t
l o a d i n g s , o n c e a l l t h e c o m p l e x i t i e s o f a t m o s p h e r i c t r a n s f o r m a t i o n a n d
t r a n s p o r t r a t e a r e t a k e n i n t o a c c o u n t , m i r r o r t h e s e e m i s s i o n s q u i t e w e l l , a s
i n d i c a t e d i n T a b l e 2 7 ; i f a n y t h i n g , t h e g r o s s e m i s s i o n s c o m p a r i s o n f o r
p a r t i c u l a t e s u n d e r s t a t e s t h e U n i t e d S t a t e s t r a c e m e t a l s c o n t r i b u t i o n f o r a l l
o f t h e l a k e s e x c e p t f o r S u p e r i o r , a n d t h e e m i s s i o n s s p l i t f o r S O 2
u n d e r s t a t e s
t h e
U n i t e d
S t a t e s
s u l f a t e
c o n t r i b u t i o n s
f o r
L a k e s
M i c h i g a n
a n d
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T h e i m p o r t a n c e o f r e s i d u a l s a s s o c i a t e d w i t h c o a l t r a n s p o r t a t i o n i n t h e
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C o a l c o m b u s t i o n , r e m a i n s a s t h e m a i n f o c u s o f i n t e r e s t f o r t h e b a s i n .
P o l l u t a n t s i n t h e c o a l h a v e t h r e e p o s s i b l e f a t e s : ( 1 ) a s a s t a c k e m i s s i o n , o f
k n o w n a n d q u a n t i f i a b l e s i g n i f i c a n c e ; ( 2 ) a s c a p t u r e d p a r t i c l e s i n t h e a s h o r
f l u e g a s d e s u l f u r i z a t i o n s l u d g e d i s p o s a l f a c i l i t y , f o r w h i c h q u a n t i f i c a t i o n o f
l e a c h a t e p a t h w a y s i n t o t h e g r o u n d w a t e r a n d u l t i m a t e l y i n t o t h e G r e a t L a k e s
t h e m s e l v e s i s a l m o s t i m p o s s i b l e t o a s s e s s o n a r e g i o n a l s c a l e ; a n d ( 3 ) a s a
d i s c h a r g e i n t o a r e c e i v i n g w a t e r f r o m w e t a s h h a n d l i n g s y s t e m s a n d t h e l i k e ,
d i f f i c u l t t o q u a n t i f y i n t e r m s o f m a t e r i a l b a l a n c e s , b u t l i m i t e d b y
r e g u l a t i o n s f o r t h e p l a n t a s a w h o l e .









T h e m a j o r h i s t o r i c a l f e a t u r e s o f c o a l u t i l i z a t i o n i n t h e G r e a t L a k e s
r e g i o n a r e s u n m a r i z e d i n T a b l e 2 8 . T h r e e i m p o r t a n t c o n c l u s i o n s c a n b e d r a w n .
F i r s t , i n d u s t r i a l c o a l c o n s u m p t i o n , i n b o t h t h e U n i t e d S t a t e s a n d C a n a d a , h a s
f a l l e n d r a m a t i c a l l y s i n c e 1 9 6 5 . B a s e d o n a n u m b e r o f r e c e n t s t u d i e s
c o m m i s s i o n e d b y t h e U . S . D e p a r t m e n t o f E n e r g y , a n d s u r v e y s o f i n d u s t r i a l
b o i l e r o r d e r s r e p o r t e d i n t h e t r a d e l i t e r a t u r e , t h e r e i s l i t t l e e v i d e n c e o f a
t u r n a r o u n d i n t h i s t r e n d , d e s p i t e c o n t i n u o u s l y o p t i m i s t i c p r o j e c t i o n s b y t h e
U . S . D O E . S e c o n d , o v e r t h e s a m e t i m e p e r i o d , a n d i n b o t h c o u n t r i e s , e l e c t r i c
u t i l i t y c o n s u m p t i o n h a s g r o w n f a s t e r t h a n t h e d e c l i n e i n i n d u s t r i a l u s e . A n d
t h i r d , t h e U n i t e d S t a t e s p r e d o m i n a t e s i n c o n s u m p t i o n c o m p a r i s o n s . O f c o u r s e ,
m o s t o f t h e i n d u s t r i a l a c t i v i t y , a n d h e n c e c o a l c o n s u m p t i o n , i n O n t a r i o
a c t u a l l y l i e s w i t h i n t h e G r e a t L a k e s d r a i n a g e a r e a , w h e r e a s o n l y p a r t o f t h e
U n i t e d S t a t e s c o a l c o n s u m p t i o n i n t h e G r e a t L a k e s s t a t e s l i e s i n t h e b a s i n .
T h e U n i t e d S t a t e s / C a n a d a r a t i o o f 2 0 : 1 f o r u t i l i t i e s a n d 4 0 : 1 f o r i n d u s t r i a l
u s e f a l l s t o a b o u t 3 : 1 a n d 1 0 : 1 , r e s p e c t i v e l y , w h e n c o n s i d e r i n g o n l y t h e b a s i n
( a s i n d i c a t e d i n T a b l e 2 9 f o r e l e c t r i c u t i l i t i e s o n t h e b a s i s o f i n s t a l l e d
c a p a c i t y ) . I t m u s t b e r e m e m b e r e d , h o w e v e r , t h a t d r a i n a g e b a s i n c o m p a r i s o n s
a r e g e r m a n e o n l y t o t h e d i r e c t w a t e r d i s c h a r g e ( a n d s o l i d w a s t e d i s p o s a l
l e a c h a t e ) p a t h w a y s , a n d t h a t t h e w i d e r r e g i o n a l c o m p a r i s o n s a r e p r e f e r a b l e f o r
f i r s t o r d e r c o m p a r i s o n s o f a i r e m i s s i o n s .
F i g u r e s 1 1 , 1 2 a n d 1 3 s h o w t h e l o c a t i o n s o f e x i s t i n g u t i l i t y a n d i r o n a n d
s t e e l p l a n t s i n t h e G r e a t L a k e s b a s i n .
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b a s i n s t a t e s h a s h i s t o r i c a l l y b e e n f a r f r o m p e r f e c t , a s i n d i c a t e d i n
T a b l e 3 0 . I n d e e d , s o m e o f t h e G r e a t L a k e s b a s i n s t a t e s h a v e h i s t o r i c a l l y h a d
a m o n g t h e w o r s t c o m p l i a n c e r e c o r d s i n t h e c o u n t r y .
A d e t e r m i n a t i o n o f t r a c e m e t a l e m i s s i o n s i s n o t a c c o m p l i s h e d s o e a s i l y .
W h i l e t o t a l p a r t i c u l a t e e m i s s i o n s s e r v e p e r h a p s a s a f i r s t o r d e r i n d i c a t o r , a
n u m b e r o f s t u d i e s p o i n t t o t r a c e e l e m e n t e n r i c h m e n t p h e n o m e n a i n t h e s t a c k g a s
p r e c i p i t a t o r s . A r e c e n t s t u d y b y C r o w t h e r 2 3 . 2 1 ; : ( 1 9 8 0 ) t h a t r e v i e w e d a
l a r g e n u m b e r o f i n d i v i d u a l s t u d i e s , d e r i v e d t h e t r a c e e l e m e n t p a s s - t h r o u g h
f u n c t i o n s d i s p l a y e d i n T a b l e 3 1 . G i v e n k n o w l e d g e o f t h e t r a c e e l e m e n t c o n t e n t
o f c o a l , t h e f r a c t i o n o f a s h t h a t e n t e r s t h e s t a c k g a s ( a b o u t 8 0 % o f t o t a l a s h
f o r a m o d e r n p u l v e r i z e d c o a l b o i l e r ) , a n d t h e p a s s — t h r o u g h c o e f f i c i e n t s o f
 
T a b l e 3 1 , o n e c a n c o m p u t e t r a c e m e t a l e m i s s i o n s f o r g i v e n f a c i l i t i e s a s s h o w n
i n T a b l e 3 2 . A l s o s h o w n i n t h i s t a b l e a r e w a t e r e f f l u e n t l o a d i n g s f r o m a
c o m p a r a b l e f a c i l i t y , w h i c h , w i t h t h e e x c e p t i o n o f z i n c , a r e s e e n t o b e s e v e r a l
o r d e r s o f m a g n i t u d e l o w e r .
T h e c o m p a r i s o n s o f t r a c e m e t a l e m i s s i o n s s h o w n i n T a b l e 3 2 a l s o i l l u s t r a t e
t h e i m p o r t a n c e o f t h e c o a l t y p e . T h e v a r i a t i o n i n t r a c e m e t a l c o n t e n t w i t h i n
a n d a c r o s s c o a l p r o v i n c e s r a n g e s a c r o s s t w o o r d e r s o f m a g n i t u d e ( s e e T a b l e 2 3 ) .
i I r o n a n d S t e e l I n d u s t r y
1 E s t i m a t i n g e m i s s i o n s f r o m t h e i r o n a n d s t e e l i n d u s t r y i s d i f f i c u l t b e c a u s e
1 t h e d i v e r s i t y a n d c o m p l e x i t y o f t h e i n d u s t r y p r e c l u d e s t h e k i n d o f s i m p l e
l t e c h n o l o g y c l a s s i f i c a t i o n s t h a t s u f f i c e f o r t h e e l e c t r i c u t i l i t y i n d u s t r y . N o
t w o s t e e l m i l l s a r e a l i k e , a n d t h e e s t i m a t i o n o f e m i s s i o n s b a s e d o n
g e n e r a l i z e d e m i s s i o n c o e f f i c i e n t s b e c o m e s s o m e w h a t s p e c u l a t i v e . T h e
c a l c u l a t i o n s m a d e i n t h i s s e c t i o n w e r e b a s e d o n t h e p r o c e d u r e d e s c r i b e d i n
 
M e i e r , ( 1 9 8 1 ) . U s i n g p o l l u t i o n c o n t r o l l e v e l s a s d e f i n e d b y t h e s c h e m a u s e d
i n t h e A . D . L i t t l e s t u d y o f t h e s t e e l i n d u s t r y ( L i t t l e , 1 9 7 5 , 1 9 7 8 ) , w h i c h h a s
b e e n w i d e l y a d o p t e d e l s e w h e r e .
T h e " b a s e l e v e l " o f p o l l u t i o n c o n t r o l i s t h a t a s s u m e d b y U . S . E P A t o b e
t h e b a s e l i n e f o r p u r p o s e s o f t h e C l e a n W a t e r A c t , c o r r e s p o n d i n g t o t h e l e v e l
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L e a d
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r
2 5 . 8 4 i o g e ( r + 1 )
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e x i s t i n g a n d n e w p l a n t s , a s a r e s u l t o f t h e c o n t r o l p h i l o s o p h y a d o p t e d i n t h e
U n i t e d S t a t e s t h a t i m p o s e s v e r y t i g h t c o n t r o l s o n n e w s o u r c e s t h r o u g h t h e N S P S
m e c h a n i s m , h a v e a l r e a d y b e e n n o t e d . W h e n t h e s e r e g u l a t i o n s a r e t r a n s l a t e d
i n t o a c t u a l e m i s s i o n l e v e l s a t e x i s t i n g a n d n e w p l a n t s , t h e r e s u l t s i n d i c a t e d
i n T a b l e 3 6 a r e t y p i c a l . U s i n g t h e s a m e s e t o f a s s u m p t i o n s o n c o a l t r a c e
e l e m e n t c o m p o s i t i o n , f r a c t i o n t o f l y - a s h , a n d f l y - a s h e n r i c h m e n t , t w o
h y p o t h e t i c a l
p l a n t s
s u b j e c t
t o t h e
n e w
N S P S
a r e
c o m p a r e d
w i t h
t h e
e m i s s i o n s
o f
t h e 1 1 6 0 M W o f e x i s t i n g c a p a c i t y l o c a t e d i n L o r a i n C o u n t y , O h i o . W h e n s u c h
r e s u l t s
a r e
a g g r e g a t e d
t o
a n
e n t i r e
S t a t e ,
a s
i s
d o n e







 T A B L E 3 6
C O M P A R I S O N O F T O T A L E M I S S I O N S
B E T W E E N
N E W
A N D
E X I S T I N G
C O A L - F I R E D
P O W E R
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a s s u m e d .
T A B L E 3 7
M I C H I G A N E M I S S I O N S I N T H E Y E A R 2 0 0 0
S p e c i e s
T o t a T
N e w
N S P S
0 1 d
P T a n t s
P a r t i c u i a t e s
1 0 3
t o n n e s
4 5
3 . 2 4
( 7 . 1 % )
4 2 . 1 9
2 9 2 . 9 % ;
5 0 2 ,
1 0 3
t o n n e s
5 2 8
6 5
1 2 . 3 % )
4 6 3
8 7 . 7 %
A r s e n i c ,
t o n n e s
1 2 . 7 3
1 . 8 8
( 1 4 . 7 % )
1 0 . 8 5
( 8 5 . 3 % )
C a d m i u m ,
t o n n e s
0 . 5 7
0 . 0 8
( 3 2 % )
0 . 4 9
( 6 8 % )
L e a d ,
t o n n e s
4 . 2 4
1 . 1 5
( 2 . 1 % )
3 . 0 9
( 9 7 . 9 % )
M e r c u r y ,
t o n n e s
2 . 5 5
0 . 8 6
( 3 3 % )
1 . 6 8
( 6 7 % )
Z i n c ,
t o n n e s
3 8 . 8 5
2 . 7 7
( 7 % )
3 6 . 0 8
( 9 3 % )
G e n e r a t i n g
C a p a c i t y
( M N )
1 3 7 0 0
4 2 5 0
( 3 1 % )
9 4 5 0
( 6 9 % )
 
 






 t h e e l e c t r i c u t i l i t y p l a n t s i n M i c h i g a n f o r a y e a r 2 0 0 0 u t i l i t y s c e n a r i o t a k e n
f r o m a r e c e n t D O E a s s e s s m e n t ( U . S . D e p a r t m e n t o f E n e r g y , P r o g r a m m a t i c , 1 9 8 0 ) ,
i t i s n o t e d t h a t e v e n t h o u g h t h e n e w c a p a c i t y a c c o u n t s f o r s o m e 3 1 % o f t h e
t o t a l , t h e s e p l a n t s c o n t r i b u t e o n l y 1 2 % o f $ 0 2 , a n d b e t w e e n 2 a n d 3 1 % o f
t r a c e m e t a l s , l a r g e l y a s a r e s u l t o f t h e m u c h t i g h t e r p a r t i c u l a t e c o n t r o l s o n
n e w p l a n t s .
T h e a b o v e c o m p a r i s o n s w e r e m a d e o n s o m e t e n u o u s a s s u m p t i o n s . A s n o t e d
p r e v i o u s l y , t r a c e m e t a l c o n t e n t o f c o a l c a n v a r y b y t w o o r d e r s o f m a g n i t u d e
w i t h i n a n y g i v e n c o a l p r o v i n c e , f r o m w h i c h i t f o l l o w s t h a t t h e a b s o l u t e
e m i s s i o n q u a n t i t i e s i n d i c a t e d i n T a b l e s 3 6 a n d 3 7 a r e s u b j e c t t o c o n s i d e r a b l e
v a r i a t i o n . N e v e r t h e l e s s , e x c e p t i n t h e u n l i k e l y e v e n t t h a t t r a c e m e t a l
c o n t e n t o f c o a l s v a r i e s i n s u c h a w a y t h a t e x i s t i n g p l a n t s s y s t e m a t i c a l l y
r e c e i v e c o a l o f t r a c e m e t a l c o n t e n t a n o r d e r o f m a g n i t u d e l o w e r t h a n n e w
p l a n t s , t h e b a s i c c o n c l u s i o n h e r e r e m a i n s s o u n d . A l l o t h e r t h i n g s e q u a l ,
p r i o r i t y s h o u l d b e g i v e n t o f u r t h e r i m p r o v e m e n t i n c o n t r o l s a t e x i s t i n g
f a c i l i t i e s , e v e n i f t h e p o l i t i c a l p r i c e t o b e p a i d m i g h t b e s o m e r e l a x a t i o n o f
N e w S o u r c e P e r f o r m a n c e S t a n d a r d s .
I n a n y e v e n t , a s w a s s h o w n i n T a b l e 2 4 , c o a l c o m b u s t i o n b y e l e c t r i c
u t i l i t i e s a s w e l l a s i n i n d u s t r i a l b o i l e r s p r o d u c e s o n l y p a r t o f t h e t o t a l
p a r t i c u l a t e ( a n d h e n c e t r a c e m e t a l ) e m i s s i o n s a s s o c i a t e d w i t h e n e r g y
u t i l i z a t i o n . T a b l e 3 8 s h o w s e s t i m a t e s o f t r a c e m e t a l c o m p o s i t i o n o f t h e
p a r t i c u l a t e e m i s s i o n s f r o m a v a r i e t y o f f u e l s ( A c r e s , 1 9 7 5 ) . N o t e t h e o r d e r s
o f m a g n i t u d e d i f f e r e n c e a m o n g t h e d i f f e r e n t f u e l s . O f c o u r s e , t h e q u a n t i t y o f
a s h p e r t o n n e ( o r J o u l e ) i s m u c h h i g h e r f o r c o a l t h a n f o r t h e l i q u i d f u e l s ;
a n d e l e c t r i c u t i l i t y ( w h i c h i n o u r r e g i o n m e a n s c o a l p l a n t ) e m i s s i o n s a r e
r e l e a s e d a t m u c h h i g h e r e l e v a t i o n s , w h i c h m e a n s t h e r e i s a g r e a t e r p o t e n t i a l
f o r t r a n s p o r t i n t o t h e G r e a t L a k e s . N e v e r t h e l e s s , w h e n 1 9 7 5 e l e c t r i c u t i l i t y
e m i s s i o n s i n t h e G r e a t L a k e s r e g i o n a r e c o m p a r e d w i t h t h e A c r e s d e p o s i t i o n
e s t i m a t e s T a b l e 3 9 , i t i s c l e a r t h a t c o a l p l a n t s r e p r e s e n t a r e l a t i v e l y m i n o r
p a r t o f t h e t o t a l p r o b l e m , s i n c e o n l y a f r a c t i o n o f t h e e m i s s i o n s ( t y p i c a l l y




 T A B L E 3 8
T R A C E M E T A L C O M P O S I T I O N





( P e r c e n t a g e )
F u e ] C d P b N i 5 2 L .
C o a I . 0 0 0 5 . 0 2 . 0 3 . 0 2
R e s i d u a ] 0 i ] . 2 . 1 2 7 . . 1 3
D i s t i T I a t e 0 i ] . 4 . 0 0 5 . 1 5 . 3 3
G a s o I i n e . 4 2 5 . . 1 5 . 3 3
N a t u r a T G a s 0 0 O 0
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C O M P A R I S O N B E T W E E N D E P O S I T I O N A N D M E T A L E M I S S I O N S




1 9 7 5
A i r b o r n e D e p o s i t i o n E T e c t r i c U t i T i t y
F r o m I J C E s t i m a t e s b E m i s s i o n s i n
M e t a ] G r e a t L a k e s R e g i o n
Z n a 8 3 0 8 3 2 0
P b 4 2 5 4 5 6 2





L a k e O n t a r i o a n d S u p e r i o r o n T y






E m i s s i o n s o f r a d i o a c t i v e m a t e r i a T a r e a 1 $ o a s s o c i a t e d w i t h c o a T f i r e d
s t a t i o n s t h o u g h n o t w i t h g a s o r o i T . T h e s e a r i s e f r o m t h e p r e s e n c e o f T o w
c o n c e n t r a t i o n s o f 2 2 6 R a a n d 2 3 2 T h t o g e t h e r w i t h t h e i r d a u g h t e r p r o d u c t s i n
c o a T .
T h e s e
r a d i o n u c T i d e s
a r e
r e T e a s e d




a n d ,
d e p e n d i n g
o n
t h e




e x i t w i t h t h e p a r t i c u l a t e s i n t h e s t a c k d i s c h a r g e . I t h a s b e e n e s t i m a t e d t h a t
a b o u t 2 x 1 0 9 B q ( 0 . 0 5 c u r i e s ) p e r y e a r o f R a - T h w o u l d b e e m i t t e d f r o m a
1 0 0 0 M W e p l a n t b u r n i n g 9 % a s h c o n t e n t c o a l w i t h a 9 7 . 5 % a i r c l e a n i n g
e f f i c i e n c y . T h e r a d i a t i o n d o s e t o a n i n d i v i d u a l f r o m t h i s d i s c h a r g e w o u l d b e
a p p r o x i m a t e l y o n e q u a r t e r o f t h a t f r o m t h e r a d i o a c t i v e n o b l e g a s e s d i s c h a r g e d
f r o m t h e P i c k e r i n g 2 2 0 0 M W e s t a t i o n ( M a r t i n e t a l . , 1 9 7 0 ) .
P r e l i m i n a r y A s s e s s m e n t o f A i r b o r n e T r a c e M e t a l s D e p o s i t i o n t o t h e G r e a t L a k e s
F o r t h e p u r p o s e o f m a k i n g s o m e p r e l i m i n a r y e s t i m a t e s o f t h e e x t e n t o f t h e
c o n t r i b u t i o n o f c o a l b u r n i n g p o w e r p l a n t s t o t h e o v e r a l l p r o b l e m , t h e m e t h o d s
o f M e i e r ( 1 9 8 1 ) a n d C r o w t h e r 2 3 . 2 1 - ( 1 9 8 0 ) w e r e u s e d t o e s t i m a t e e m i s s i o n
r a t e s o f f l y - a s h t r a c e m e t a l c o n s t i t u e n t s , a s s u m i n g c o m p l i a n c e w i t h a p p l i c a b l e
s t a t e e m i s s i o n r e g u l a t i o n s . S e v e n A i r Q u a l i t y C o n t r o l R e g i o n s ( A Q C R ) ,
c o r r e s p o n d i n g t o t h e m a j o r u r b a n a r e a s i n t h e G r e a t L a k e s w a t e r s h e d , w e r e
s e l e c t e d a s s o u r c e s ; e s t i m a t e s o f d r y d e p o s i t o n t o t h e l a k e s w e r e m a d e f o r
e m i s s i o n s f r o m p o w e r p l a n t s i n t h e s e A Q C R s .
E m i s s i o n t r a j e c t o r i e s a n d d r y d e p o s i t i o n r a t e s w e r e t a k e n f r o m t h e l o n g
r a n g e t r a n s p o r t a n a l y s i s o f B a t t e l l e ' s P a c i f i c N o r t h w e s t L a b o r a t o r i e s ( E a d i e
a n d D a v i s , 1 9 7 9 ) . T h e s e t r a j e c t o r i e s h a v e b e e n l i n e a r i z e d i n t o m a t r i x f o r m a t ,
w h i c h a l l o w s a i r c o n c e n t r a t i o n s i n a n y A Q C R t o b e e s t i m a t e d , b a s e d o n a l i n e a r
f u n c t i o n o f e m i s s i o n s i n a n y o t h e r A Q C R . T h i s f o r m a t r e q u i r e d " s u r r o g a t e
A Q C R s " t o b e i d e n t i f i e d t o s e r v e a s a p p r o p r i a t e r e c e p t o r a r e a s f o r e a c h o f t h e
l a k e s . F o r L a k e s M i c h i g a n , E r i e , a n d O n t a r i o , r e a s o n a b l e c h o i c e s a r e
p o s s i b l e , b u t f o r L a k e s H u r o n a n d S u p e r i o r , v e r y l i t t l e i n f o r m a t i o n i s
a v a i l a b l e s i n c e t h e p r e s e n t a n a l y s i s d o e s n o t i n c l u d e e i t h e r C a n a d i a n s o u r c e s
o r r e c e p t o r s .
A d d i t i o n a l a s s u m p t i o n s r e q u i r e d b y t h i s a p p r o a c h i n c l u d e :
1 . D r y d e p o s i t i o n o v e r t h e l a k e p g r _ § g i s t h e s a m e a s o v e r l a n d , g i v e n




 2 . A l l t h e e m i s s i o n s o f i n t e r e s t a r e s m a l l p a r t i c u l a t e s w h i c h b e h a v e
e s s e n t i a l l y a s g a s e s w i t h o u t g r a v i t a t i o n a l s e t t l i n g .
3 . A n n u a l a v e r a g e r e s u l t s m a y b e a p p r o x i m a t e d b y t h e l i n e a r a v e r a g e o f
c a l c u l a t i o n s f o r t h e m o n t h s o f J a n u a r y , A p r i l , J u l y , a n d O c t o b e r .
4 . A i r c o n c e n t r a t i o n s a r e w e l l m i x e d a n d e s s e n t i a l l y u n i f o r m v e r t i c a l l y .
T h e e m i s s i o n v e c t o r s f o r t h i s s a m p l e c a l c u l a t i o n a r e g i v e n i n T a b l e 4 0 ,
t o t a l l i n g 9 8 . 8 x 1 0 3 t o n n e s / y r o f f l y - a s h . T h e l a r g e s t o f t h e f i v e m e t a l s
s e l e c t e d ( a r s e n i c , c a d m i u m , m e r c u r y , l e a d , a n d z i n c ) i s l e a d ( 1 4 4 t o n n e s / y r ) .
S i n c e t h e a n a l y s i s d o e s n o t d i s t i n g u i s h o n e e l e m e n t f r o m a n o t h e r i n t e r m s o f
d e p o s i t i o n
v e l o c i t y ,
i t i s
c o n v e n i e n t
t o d e r i v e
e x p r e s s i o n s
f o r
t h e
f r a c t i o n
o f e m i s s i o n s f r o m e a c h s o u r c e r e g i o n d e p o s i t e d ( d r y ) i n e a c h l a k e . T h i s i s
s i m p l y
t h e
p r o d u c t
o f t h e
t r a n s p o r t
m a t r i x
c o e f f i c i e n t
( H Q / m 3
p e r
1 0 3
t o n n e s / y r
e m i t t e d )
t i m e s
t h e
d e p o s i t i o n
v e l o c i t y
( c m / s e c )
t i m e s
t h e
a r e a
o f
t h e l a k e a l l i n a p p r o p r i a t e u n i t s . T h e s e v a l u e s a r e g i v e n i n T a b l e 4 1 .
S e v e r a l i n t e r e s t i n g p o i n t s e m e r g e f r o m T a b l e 4 1 . A s e x p e c t e d , t h e A Q C R s
a d j a c e n t
t o a
g i v e n
l a k e
h a v e
t h e
l a r g e s t
i m p a c t
o n t h a t
l a k e ,
a n d
t r a n s p o r t
i s g r e a t e r
e a s t w a r d
t h a n
w e s t w a r d .
S o u r c e s
i n M i l w a u k e e
a n d
C h i c a g o
h a v e
t h e
l a r g e s t t o t a l i m p a c t c o n s i d e r i n g a l l f i v e l a k e s , b u t e v e n t h e s e v a l u e s a r e
q u i t e
s m a l l .
I t i s
c l e a r
t h a t
t h e
b u l k
o f t h e
e m i s s i o n s
h a v e
f a t e s
o t h e r
t h a n
d i r e c t d r y d e p o s i t i o n o n t o t h e l a k e s .
A t l e a s t t w o o f t h e s e o t h e r p a t h w a y s a r e o f c o n c e r n h e r e . T h e f i r s t i s
d r y d e p o s i t i o n o n l a n d i n t h e w a t e r s h e d o f t h e l a k e s . S o m e f r a c t i o n o f t h i s
m a t e r i a l m a y u l t i m a t e l y f i n d i t s w a y i n t o t h e l a k e s t r a n s p o r t e d b y r u n o f f .
T h e r e i s c u r r e n t l y n o b a s i s f o r e s t i m a t i n g t h i s f r a c t i o n . F a l l o u t o f l a r g e
p a r t i c l e s n e a r t h e s o u r c e m a y b e i m p o r t a n t i n t h i s r e g a r d .
 
T h e




p o s i
t i o n
.
F i n e
p a r t




o n d e
n s a t
i o n
n u c l
e i
d u r i
n g
p r e c
i p i t
a t i o
n
e v e n
t s
a n d t e n d t o c l e a
n s e
t h e a t m o
s p h e
r e .
S a m p
l e
c a l c
u l a t
i o n
i n E a d i
e
a n d D a v i
s
( 1 9 7
9 )
i n d i
c a t e
t h a t w e t d e p o
s i t i
o n
o f
p a r t
i c u l
a t e s
i s m o r e i m p o
r t a n
t
t h a n d r y d e p o
s i t i
o n .
H o w e
v e r ,
a c c u













T A B L E 4 0
P O W E R P L A N T T R A C E E L E M E N T E M I S S I O N S B Y A Q C R
( t o n n e s p e r y e a r )
A Q C R A s h 8 2 9 m i t ; z _ n
( 1 0 3 t / y r ) t o n n e s
C h i c a g o
( 6 7 ) 2 7 . 7 1 1 . 8 0 . 2 3 0 . 9 5 5 1 3 3
N . I n d i a n a
( 8 2 ) 6 . 6 2 . 1 0 . 0 4 0 . 1 5 9 . 1 6 . 1
D e t r o i t
( 1 2 3 ) 1 5 . 1 7 . 7 0 . 1 5 0 . 6 4 3 3 1 8 . 7
B u f f a n
( 1 6 2 ) 4 . 3 1 . 8 0 . 1 0 0 . 2 3 4 . 8 0 . 1 1
C T e v e T a n d
( 1 7 4 ) 7 . 3 3 . 9 0 . 2 1 0 . 9 1 1 . 3 1 . 4
M i n n e a p o l i s
( 1 3 1 ) 1 4 . 2 1 . 2 0 . 2 4 0 . 2 5 6 . 9 5 . 8
M i n a u k e e
( 2 3 9 ) 2 3 . 6 6 . 5 0 . 1 3 0 . 3 4 2 8 . 0 3 2 . 7
T A B L E 4 1
F R A C T I O N 0 F E M I S S I O N S D E P O S I T E D O N T H E G R E A T L A K E S
( p e r c e n t a g e )
L a k e s A s h D e p o s i t e d
S o u r c e ‘ 0 n t a r i o E r i e M i c h i g a n S u p e r i o r H u r o n T o t a ] ( 1 0 3 t o n n e s )
C h i c a g o 0 . 4 8 0 . 3 7 3 . 2 0 . 3 0 . 9 5 5 . 3 % 1 . 2 4
N . I n d i a n a 0 . 1 5 0 . 8 3 4 . 6 0 . 2 4 0 . 9 5 6 . 8 % 0 . 0 8
D e t r o i t 0 . 3 4 1 . 1 0 . 1 2 0 . 1 3 0 . 9 5 2 . 6 % 0 . 3 6
B u f f a i o 1 . 9 0 . 8 3 0 . 0 0 1 0 . 0 0 2 0 . 0 0 4 2 . 7 % 0 . 0 2
C I e v e T a n d 0 . 4 4 1 . 8 5 0 . 0 0 3 0 . 0 2 0 . 0 2 9 2 . 3 % 0 . 1 5
M i n n e a p o I i s 0 . 0 6 0 . 0 7 2 0 . 4 6 2 . 6 0 . 3 8 3 . 6 % 0 . 4 7
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A Q C R A s C d H g P b Z n F L Y A S H
6 7 0 . 5 3 0 . 0 1 0 . 0 4 2 . 3 1 . 4 1 , 2 4 3
8 2 0 . 0 2 5 0 . 0 0 0 5 0 . 0 0 2 0 . 1 1 0 . 0 7 8 2
1 2 8 0 . 1 8 0 . 0 0 4 0 . 0 1 4 0 . 7 8 0 . 4 4 3 6 3
1 6 2 0 . 0 1 0 . 0 0 4 0 . 0 0 1 1 0 . 0 2 4 0 . 0 0 5 1 8
1 7 4 0 . 0 8 0 . 0 0 4 0 . 0 1 9 0 . 2 4 0 . 0 2 8 1 5 4
1 2 7 0 . 0 4 0 . 0 0 8 0 . 0 0 9 0 . 2 3 0 . 1 9 4 7 2
2 3 9 0 . 0 4 8 0 . 0 0 9 0 . 0 3 4 2 . 0 8 2 . 4 2 1 , 7 4 2
T o t a l 0 . 9 1 0 . 0 4 0 . 1 2 5 8 4 . 6 4 , 0 7 4
T A B L E 4 3
P E R C E N T A G E O F H E A V Y M E T A L L O A D I N G S A T T R I B U T A B L E T 0
C O A L - F I R E D P O W E R S T A T I O N S
( p e r c e n t a g e )
L a k e Z n P b C d
S u p e r i o r 0 . 0 1 0 . 0 5 0 . 0 1 2
M i c h i g a n 0 . 0 5 0 . 2 1 0 . 0 3
H u r o n 0 . 0 3 0 . 2 2 0 . 0 1
E r i e 0 . 0 2 0 . 1 2 0 . 0 1
O n t a r i o 0 . 0 2 0 . 1 0 0 . 0 1
 
  
m a t e r i a l b e i n g c a p t u r e d . T h u s , d e g r a d a t i o n o f c o n t r o l e q u i p m e n t o r f a i l u r e s ,
b o i l e r u p s e t s , e t c . , c o u l d r e s u l t i n l a r g e i n c r e a s e s t o t h e s e e s t i m a t e s , e v e n
w h e n a v e r a g e d o v e r a y e a r .
F i n a l l y , c o n s i d e r t h e d i r e c t w a t e r p a t h w a y . T h e i n t r o d u c t i o n o f t r a c e
e l e m e n t s i n t o t h e l a k e s f r o m e f f l u e n t d i s c h a r g e s a t c o a l - f i r e d e l e c t r i c
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S E A S
2 0 0 0 O t h e r R e f e r e n c e s
H i g h L o w E P A : E P A : N A S :
S o u r c e 1 9 7 5 G r o w t h G r o w t h 1 9 7 5 D a t a a 1 9 7 3 D a t a b 1 9 6 8 D a t a c
C o p p e r S m e l t i n g . 0 0 3 . 0 0 4 . 0 0 4 . 5 4 . 8 2
L e a d S m e l t i n g 1 . 5 3 . 5 8 4 . 4 0 1 . 0 4 2 . 4 9 0 . 9
E l e c t r i c U t i l i t i e s . 6 4 . 6 8 . 7 2
H i g h w a y E m i s s i o n s 1 9 8 . 7 0 0 1 2 8 . 8 d 1 6 4 . 2
I n d u s t r i a l C o m b u s t i o n . 2 3 . 0 9 . 1 8
W a s t e O i l C o m b u s t i o n 9 . 4
S o l i d W a s t e I n c i n . 1 . 5 0 . 2 7
G r a y I r o n P r o d u c t i o n 1 . 0 0 1 . 2 7
I r o n a n d S t e e l . 7 7 . 1 4
L e a d A l k y l M a n u f a c t u r e . 9 1 . 7 2 . 7 2
P e t r o l e u m R e f i n i n g 1 . 1 3
Z i n c S m e l t i n g . 2 3
O r e C r u s h i n g . 4 5 . 3 2
O t h e r M e t a l l u r g i c a l . 2 3 . 4 5
T y p e M e t a l . 4 1
P o r t l a n d C e m e n t . 2 7
P i g m e n t s . 0 9
O t h e r . 3 2 1 . 0 0 0 . 9
T o t a l 2 0 1 . 1 4 . 3 5 5 . 3 0 1 4 5 . 7 3 8 . 4 d 1 6 7 . 2
a U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y , E n v i r o n m e n t a l O u t l o o k , 1 9 8 0
b U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y , 1 9 7 8
g G o l d b e r g , 1 9 7 3
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P O L L U T A N T L O A D I N G S T O T H E G R E A T L A K E S
F O R A H I G H C O A L U S E , 2 0 2 0 S C E N A R I O





T o t a l
L a k e L a k e L a k e L a k e ( t o n n e s )
P o l l u t a n t S u p e r i o r M i c h i g a n H u r o n E r i e ( 4 L a k e s )
C a d m i u m 1 6 . 6 5 0 5 0 5 0 0 . 1 7 I
C o p p e r 4 1 4 1 3 8 3 1 5 5 6 1 3 8 3 4 . 7
Z i n c 5 3 0 1 7 5 5 1 9 5 4 1 7 5 5 6 . 0
L e a d 1 6 . 6 5 0 5 0 5 0 0 . 1 7
A r s e n i c 1 6 . 6 5 0 5 0 5 0 0 . 1 7
 
 




o f c a l c u l a t i o n s d o n e a t A r g o n n e N a t i o n a l L a b s f o r a s c e n a r i o o f c o a l
u t i l i z a t i o n f o r t h e y e a r 2 0 2 0 t h a t h y p o t h e s i z e s r o u g h l y a t h r e e f o l d i n c r e a s e
o v e r c u r r e n t l e v e l s . T h e s e e s t i m a t e s s h o u l d b e c o m p a r e d t o t h e a t m o s p h e r i c
t r a c e m e t a l l o a d i n g e s t i m a t e s i n T a b l e 4 2 w h i c h i n d i c a t e r o u g h l y c o m p a r a b l e
l e v e l s f o r z i n c . A t m o s p h e r i c c a d m i u m , l e a d , a n d a r s e n i c l o a d i n g s , h o w e v e r ,
a r e s e e n t o b e a t l e a s t a n o r d e r o f m a g n i t u d e g r e a t e r . T h e e s t i m a t e s i n
T a b l e 4 5 i n c l u d e t h e c o n t r i b u t i o n f r o m c o a l s t o r a g e p i l e r u n o f f , d e m i n e -
r a l i z a t i o n o f b o i l e r w a t e r , b l o w d o w n , a n d a s h h a n d l i n g s y s t e m s ; t h e l e v e l o f
e f f l u e n t c o n t r o l i s a s s u m e d t o b e c o n s i s t e n t w i t h c u r r e n t N S P S ( s e e T a b l e 3 1 ) .
T h e s e r e s u l t s s u g g e s t t h a t c o a l - b u r n i n g p o w e r p l a n t s c o n t r i b u t e a s m a l l
p a r t o f t h e t o t a l t r a c e m e t a l l o a d i n g s . E v e n i f t h e c a l c u l a t i o n s a r e i n e r r o r
b y t w o o r d e r s o f m a g n i t u d e ( s a y , o n e d u e t o v a r i a t i o n o f t r a c e e l e m e n t s i n
c o a l , a n o t h e r t o u n c e r t a i n t i e s i n t h e t r a n s p o r t m a t r i x m e t h o d o l o g y a n d t h e
i m p a c t o f w e t d e p o s i t i o n ) , t h e c o n t r i b u t i o n i s s t i l l s e e n t o b e m i n o r . I f
c o r r e c t , t h e q u e s t i o n t h e n b e c o m e s i f n o t f r o m c o a l b u r n i n g p o w e r p l a n t s , t h e n
f r o m w h e r e ? F o r l e a d , t h e a n s w e r s e e m s c l e a r , i n t h a t l e a d e m i s s i o n s f r o m
g a s o l i n e a r e s t i l l t h e l a r g e s t e m i s s i o n s o u r c e , a s i n d i c a t e d i n T a b l e 4 5 . W e
h a v e p r e v i o u s l y n o t e d t h e a b s e n c e o f d e p o s i t i o n e s t i m a t e s f o r a r s e n i c a n d
m e r c u r y - — h e r e c o a l p l a n t s m a y s t i l l b e s i g n i f i c a n t . A m o r e c a r e f u l
i d e n t i f i c a t i o n o f c a d m i u m a n d z i n c s o u r c e s i s n e c e s s a r y , h o w e v e r , b e f o r e t h e
h y p o t h e s i s o f r e l a t i v e l y m i n o r i m p a c t f r o m c o a l c o m b u s t i o n i s a c c e p t e d .
1 2 8
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 T h e s i g n i f i c a n c e o f t h e r e s u l t s o f T a b l e 4 6 i s d i f f i c u l t t o e s t a b l i s h . I f
a l l o f t h e s o l i d w a s t e w e r e p r o p e r l y d i s p o s e d o f b y l a n d f i l l , p r e f e r a b l y w i t h
a n i m p e r v i o u s c o v e r , o n e c o u l d d i s m i s s t h e s o l i d w a s t e s t r e a m a s b e i n g o f
l i t t l e e n v i r o n m e n t a l c o n s e q u e n c e . I t i s l i k e l y , h o w e v e r , t h a t s o l i d w a s t e
d i s p o s a l p r a c t i c e s l e a v e s o m e t h i n g t o b e d e s i r e d , e v e n w i t h t h e p r o v i s i o n s o f
t h e R e s o u r c e C o n s e r v a t i o n a n d R e c o v e r y A c t ( R C R A ) . I n d e e d , i t s h o u l d b e n o t e d
t h a t E P A h a s , f o r t h e m o m e n t , c l a s s i f i e d c o a l a s h a n d s c r u b b e r s l u d g e a s
n o n - h a z a r d o u s , r e m o v i n g t h e s e m a t e r i a l s f r o m t h e m o r e s t r i n g e n t c o m p l e t e
c o n t a i n m e n t p r o v i s i o n s o f R C R A a s t h e y a p p l y t o w a s t e s c l a s s i f i e d a s
h a z a r d o u s . O n e o r d e r o f m a g n i t u d e c h e c k i s t o c o m p a r e l i k e l y t r a c e m e t a l
c o n c e n t r a t i o n s i n l e a c h a t e s w i t h t h e t r a c e m e t a l c o n c e n t r a t i o n s o f d i r e c t
d i s c h a r g e s ( T a b l e 3 2 ) .
I r o n a n d S t e e l I n d u s t r y
U s i n g t h e e m i s s i o n s m e t h o d o l o g y i n t r o d u c e d e a r l i e r a n d t h e s t e e l i n d u s t r y
 
p r o d u c t i o n e s t i m a t e s o f F i g u r e 1 7 , t h e t o t a l r e g i o n a l e m i s s i o n s i n R e g i o n V
c a n b e c o m p u t e d u n d e r v a r i o u s p o l l u t i o n c o n t r o l a s s u m p t i o n s . F i g u r e s 2 0 , 2 1
a n d 2 2 , s h o w p a r t i c u l a t e s , $ 0 2 , a n d s u s p e n d e d s o l i d s , r e s p e c t i v e l y , f o r e a c h
r e g i o n a n d f i v e p o l l u t i o n l e v e l s ( 1 ) t h e s o c a l l e d b a s e l e v e l s , a p p l i e d t o
1 9 7 0 p r o d u c t i o n l e v e l s , w h i c h r e f l e c t o n l y t h e m o s t r u d i m e n t a r y e m i s s i o n
c o n t r o l s , t y p i c a l o f t h e e a r l y 1 9 7 0 ' s , ( 2 ) a c t u a l 1 9 7 6 e m i s s i o n s , b a s e d o n a
r e p o r t b y t h e C o u n c i l o n E c o n o m i c P r i o r i t i e s ( 1 9 7 7 ) , ( 3 ) e m i s s i o n s u n d e r f u l l
c o m p l i a n c e w i t h 1 9 7 7 B e s t P r a c t i c a b l e T e c h n o l o g y ( B P T ) g o a l s f o r s u s p e n d e d
s o l i d s , S I P s f o r a i r p o l l u t a n t s , ( 4 ) e m i s s i o n s f o r I s a r d a n d P a r c e l ' s 1 9 8 5
p r o d u c t i o n e s t i m a t e s u n d e r t h e a s s u m p t i o n o f B e s t A v a i l a b l e T e c h n o l o g y ( B A T )
f o r s u s p e n d e d s o l i d s , f u l l c o m p l i a n c e , i n c l u d i n g f u g i t i v e e m i s s i o n s f o r a i r
p o l l u t a n t s , a n d ( 5 ) e m i s s i o n s f o r I s a r d a n d P a r c e l ' s 2 0 0 0 e s t i m a t e s , a l s o
u n d e r B A T a s s u m p t i o n s .
I t i s c l e a r f r o m t h e s e f i g u r e s t h a t , u n d e r t h e a s s u m p t i o n o f f u l l
c o m p l i a n c e w i t h e m i s s i o n s r e g u l a t i o n s , t h e l e v e l o f f u t u r e p r o d u c t i o n i n t h e
r e g i o n i s n o t a n i m p o r t a n t p a r a m e t e r . F o r e x a m p l e , t h e d i f f e r e n c e b e t w e e n
1 9 7 6 a c t u a l e m i s s i o n s a n d 1 9 7 7 g o a l s , f o r e s s e n t i a l l y t h e s a m e p r o d u c t i o n
l e v e l , i s s o m e 1 5 9 , 0 0 0 t o n n e s o f p a r t i c u l a t e s ; w h e r e a s t h e d i f f e r e n c e b e t w e e n
t h e I s a r d a n d P a r c e l s y e a r 2 0 0 0 p r o d u c t i o n l e v e l , a n d o n e a s s u m i n g o n l y 5 0 % o f
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 G i v e n t h e s e c i r c u m s t a n c e s , t h e r e a r e g r o u n d s f o r c o n c e r n o v e r r e c e n t
d e v e l o p m e n t s . T h e C a r t e r A d m i n i s t r a t i o n ' s p r o g r a m o f a i d t o t h e s t e e l
i n d u s t r y , a n n o u n c e d S e p t e m b e r 3 0 , 1 9 8 0 , i n c l u d e d a p r o p o s a l t o a m e n d t h e C l e a n
A i r A c t t o a l l o w u p t o t h r e e a d d i t i o n a l y e a r s f o r s t e e l c o m p a n i e s t o m e e t 1 9 8 3
d e a d l i n e s ( U . S . O f f i c e o f T e c h n o l o g y A s s e s s m e n t s , 1 9 8 0 ) . E x t e n s i o n s w o u l d b e
g r a n t e d o n a c a s e b y c a s e b a s i s o n l y i f t h e f u n d s w h i c h w o u l d h a v e b e e n u s e d
f o r e n v i r o n m e n t a l c o n t r o l s a r e u s e d i n t h e s a m e t i m e p e r i o d t o m o d e r n i z e
e x i s t i n g f a c i l i t i e s , a n d w i t h t h e c o n c u r r e n t s h o w i n g t h a t t h e i n d u s t r y w o u l d
n e v e r t h e l e s s m e e t t h e e x t e n d e d d e a d l i n e , a n d e n t e r i n t o a c o n s e n t d e c r e e
s e t t i n g r e v i s e d c o m p l i a n c e s c h e d u l e s .
I m p a c t o f C o n s e r v a t i o n a n d F u e l S u b s t i t u t i o n
 
I n a d d i t i o n t o t h e e n v i r o n m e n t a l c o n t r o l p o l i c y i s s u e s d i s c u s s e d i n t h e
p r e v i o u s s e c t i o n , t h e r e a r e t w o o t h e r i m p o r t a n t m e c h a n i s m s t h a t m a y c h a n g e t h e
p o l l u t a n t l o a d i n g s t o t h e b a s i n . T h e f i r s t i s c o n s e r v a t i o n , u s e d h e r e i n i t s
b r o a d e s t s e n s e o f i n c r e a s i n g t h e e f f i c i e n c y o f u t i l i z a t i o n i n a n y p a r t o f t h e
c o a l f u e l c y c l e , a s w e l l a s c o n s e r v a t i o n - i n d u c e d r e d u c t i o n s i n e n d — u s e
d e m a n d s ; i m p r o v i n g t h e h e a t r a t e o f a b o i l e r - g e n e r a t i n g i n d u s t r i a l p r o c e s s
s t e a m m a y h a v e t h e s a m e e f f e c t , f r o m a n e m i s s i o n s s t a n d p o i n t , a s r e d u c i n g t h e
a m o u n t o f s t e a m r e q u i r e d . T h e s e c o n d i s f u e l s w i t c h i n g , b o t h f r o m a n d t o
c o a l ; t h e O n t a r i o H y d r o s y s t e m , f o r e x a m p l e , i s i n c r e a s i n g n u c l e a r g e n e r a t i o n
i n i t s s y s t e m , d i s p l a c i n g c o a l - f i r e d b a s e l o a d p l a n t s . 0 n t h e o t h e r h a n d ,
t h e r e a r e a n u m b e r o f i n c e n t i v e s o n t h e U . S . s i d e t o i n c r e a s e c o a l u s e i n
i n d u s t r i a l b o i l e r s d i s p l a c i n g o i l a n d n a t u r a l g a s , p r i m a r i l y a s a c o n s e q u e n c e
o f t h e P o w e r P l a n t a n d I n d u s t r i a l F u e l U s e A c t e n a c t e d i n l a t e 1 9 7 8 .
C o n s e r v a t i o n i n t h e E l e c t r i c S e c t o r
C o n s e r v a t i o n : S i n c e t h e b u l k o f c o a l u t i l i z a t i o n i n t h e r e g i o n i s f o r
e l e c t r i c g e n e r a t i o n , i t f o l l o w s t h a t , a l l o t h e r t h i n g s b e i n g e q u a l ,
c o n s e r v a t i o n o f e l e c t r i c i t y w i l l r e s u l t i n l o w e r e m i s s i o n s f r o m c o a l b u r n i n g
p o w e r p l a n t s . U n f o r t u n a t e l y , t h e r e l a t i o n s h i p i s d i f f i c u l t t o q u a n t i f y , s i n c e
n u m e r o u s f a c t o r s d e t e r m i n e t h e r e s p o n s e o f a p a r t i c u l a r u t i l i t y t o l e s s t h a n
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I N C R E A S E D C O A L C O N S U M P T I O N I N 1 9 8 5 A S A R E S U L T O F T H E P I F U A :
I L L U S T R A T I O N O F R E L A T I V E I M P A C T S




D e m a n d C o a l F u e l C o s t P e n a l t y ( % )
R e g i o n E n e r g y
1 0 9 J / t o n n e o 1 0 2 0 3 0 5 0 1 0 0
I 2 8 0 . 0 4 0 . 0 7 0 . 4 5 0 . 7 9 1 . 3 6 1 . 7 2
I I 2 8 0 . 0 7 0 . 5 7 0 . 8 3 1 . 0 6 1 . 4 0 1 . 5 9
I I I
2 8
0 . 7 5
1 . 0 6
1 . 3 6
1 . 5 1
1 . 7 8
1 . 9 3
I V 2 7 2 . 9 2 4 . 8 9 5 . 1 3 5 . 5 6 6 . 9 8 8 . 0 4
V 2 7 0 . 6 4 1 . 1 0 2 . 9 2 3 . 4 7 4 . 5 7 4 . 9 3
V I 2 0 2 0 . 3 8 3 7 . 7 8 3 8 . 4 2 4 0 . 2 9 4 0 . 9 9 4 2 . 2 1
V I I
2 2
0 . 2 4
0 . 2 4
0 . 4 7
0 . 8 6
1 . 2 0
1 . 2 9
V I I I 2 2 0 . 1 0 0 . 4 3 0 . 4 8 0 . 4 8 0 . 6 7 0 . 8 1
I X
2 2
1 . 3 2
2 . 8 6
3 . 4 0
5 . 3 4
5 . 9 2
6 . 3 5
X 2 1 0 . 3 0 0 . 3 0 0 . 4 0 0 . 4 0 0 . 4 5 0 . 5 5
T o t a l C o a l C o n s u m p t i o n 2 6 . 7 6 4 9 . 3 0 5 3 . 8 6 5 9 . 7 6 6 5 . 3 2 6 9 . 4 2
I n d u c e d b y P I F U A 0 2 2 . 5 2 2 7 . 0 8 3 3 . 0 0 3 8 . 5 6 4 2 . 6 5
 
 
S o u r c e : U . S . D e p a r t m e n t o f E n e r g y , 1 9 7 8 .
 
 
T a b l e 4 7 , e x t r a c t e d f r o m t h e P I F U A E n v i r o n m e n t a l I m p a c t S t a t e m e n t ( U . S .
D e p a r t m e n t o f E n e r g y , 1 9 7 8 ) ,
i n d i c a t e s t h e e x p e c t e d i n c r e a s e s i n i n d u s t r i a l
c o a l u s e a s a f u n c t i o n o f t h e s o c a l l e d f u e l c o s t p e n a l t y .
I f t h i s w e r e s e t
a t z e r o , e v e r y o n e g e t s a n e x e m p t i o n t o t h e r u l e s p r o h i b i t i n g o i l a n d n a t u r a l
g a s , u n l e s s u s i n g c o a l i s c h e a p e r , a n d t h u s t h e c o l u m n 0 % f u e l c o s t p e n a l t y
i n d i c a t e s t h e i n c r e a s e d c o a l c o n s u m p t i o n e x p e c t e d i n t h e a b s e n c e o f t h e A c t .
T h e 1 0 0 % f u e l c o s t p e n a l t y
c a s e w o u l d
c o r r e s p o n d
t o t h e c a s e w h e r e
a n
e x e m p t i o n i s g r a n t e d o n l y u p o n s h o w i n g t h a t t h e u s e o f c o a l w o u l d b e 1 0 0 % a s
c o s t l y a s t h e u s e o f t h e a l t e r n a t i v e f u e l , w h i c h w o u l d r a r e l y b e t h e c a s e
u n d e r c u r r e n t p r i c e c o n d i t i o n s .
W h a t e m e r g e s f r o m T a b l e 4 7 i s t h e f a c t t h a t
i t i s F e d e r a l R e g i o n V I , t h e s o u t h w e s t , w h e r e t h e A c t h a s i t s g r e a t e s t
i n c r e m e n t a l e f f e c t ( U . S . D e p a r t m e n t o f E n e r g y , 1 9 7 8 ) .
I n R e g i o n V , t h e G r e a t
L a k e s s t a t e s , t h e e f f e c t i s m i n i m a l , a m o u n t i n g t o o n l y s o m e 4 . 0 m i l l i o n
t o n n e s / y r
o f a d d i t i o n a l








C o n c l u s i o n s
T h e f i r s t o r d e r c a l c u l a t i o n s p r e s e n t e d i n t h i s p r e l i m i n a r y a s s e s s m e n t
p e r m i t t h e f o l l o w i n g c o n c l u s i o n s :
1 . A l t h o u g h a n u m b e r o f s t u d i e s h a v e a t t e m p t e d t o q u a n t i f y t r a c e m e t a l
e m i s s i o n s a n d d e p o s i t i o n r a t e s i n t h e G r e a t L a k e s b a s i n r e g i o n , m o s t
n o t a b l y t h e s t u d i e s b y A c r e s , ( 1 9 7 5 a n d 1 9 7 7 ) f o r I J C t h e r e a r e t o o
m a n y d i s c r e p a n c i e s i n e m i s s i o n s i n v e n t o r i e s a n d t o o m a n y
u n c e r t a i n t i e s i n l o a d i n g e s t i m a t e s b a s e d o n a t m o s p h e r i c s a m p l i n g t o
h a v e m u c h c o n f i d e n c e i n t h e i r c o n c l u s i o n s . I n a n y e v e n t , n o t h i n g i n
t h e r e p o r t e d l i t e r a t u r e s u g g e s t s a n u n d e r s t a n d i n g o f t h e f u l l
s o u r c e - t o - r e c e p t o r m a s s b a l a n c e f o r t r a c e m e t a l s , m u c h l e s s b e i n g
a b l e t o i d e n t i f y s p e c i f i c s o u r c e s a s b e i n g r e s p o n s i b l e f o r s p e c i f i c
l o a d i n g s c o n t r i b u t i o n s .
2 . T h e o r d e r o f m a g n i t u d e c a l c u l a t i o n s c o n d u c t e d a s p a r t o f t h i s
p r e l i m i n a r y a s s e s s m e n t s u g g e s t t h a t c o a l c o m b u s t i o n c o n t r i b u t e s a
v e r y s n a l l p a r t o f t h e t r a c e m e t a l l o a d i n g s p r o b l e m , a s s u m i n g t h a t
e s t i m a t e s o f a t m o s p h e r i c l o a d i n g s t o t h e l a k e s b a s e d o n s a m p l i n g
s t u d i e s a r e a c c u r a t e t o w i t h i n o n e o r t w o o r d e r s o f m a g n i t u d e .
E x c e p t f o r l e a d , f o r w h i c h t h e r e i s c l e a r e v i d e n c e p o i n t i n g t o
g a s o l i n e e n g i n e e m i s s i o n s , t h e i s s u e b e c o m e s o n e o f a c c o u n t i n g f o r
t h e o t h e r s o u r c e s i f i n d e e d c o a l s o u r c e s a r e n e g l i g i b l e . T h e r e a r e
n o d e p o s i t i o n e s t i m a t e s f o r m e r c u r y a n d a r s e n i c , a n d t h u s t h e
r e l a t i v e c o n t r i b u t i o n o f t h e s e p o l l u t a n t s f r o m c o a l u t i l i z a t i o n i s
i n d e t e r m i n a t e .
3 . R e g a r d l e s s o f t h e a b s o l u t e q u a n t i t i e s o f t r a c e m e t a l s e m i t t e d , i t c a n
b e s t a t e d w i t h s o m e c o n f i d e n c e t h a t e x i s t i n g f a c i l i t i e s , b e t h e y
e l e c t r i c u t i l i t i e s , s t e e l m i l l s , o r i n d u s t r i a l b o i l e r s , a r e m o r e
i m p o r t a n t p o i n t s o u r c e s t h a n n e w f a c i l i t i e s . T h i s i s a r e s u l t o f t h e
e m i s s i o n s c o n t r o l s t r a t e g y a d o p t e d i n t h e U . S . , w h i c h i m p o s e s m u c h
m o r e s t r i n g e n t c o n t r o l s ( N e w S o u r c e P e r f o r m a n c e S t a n d a r d s ) o n n e w
f a c i l i t i e s t h a n o n o l d f a c i l i t i e s . T h u s , t h e g r e a t e s t a n d
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 s y s t e m a t i c a l l y b e n e f i c i a l i m p a c t o n e m i s s i o n s i s t o b e e x p e c t e d f r o m t h e
c l o s u r e
o r r e t i r e m e n t
o f o l d
f a c i l i t i e s ,
a l m o s t
r e g a r d l e s s
o f w h e t h e r
o r
n o t t h e o l d f a c i l i t y i s r e p l a c e d b y a n e w o n e . T h i s
f o l l o w s b e c a u s e N e w S o u r c e P e r f o r m a n c e S t a n d a r d s t y p i c a l l y i m p o s e S O X
a n d p a r t i c u l a t e e m i s s i o n l i m i t s t h a t a r e a n o r d e r o f m a g n i t u d e
s m a l l e r t h a n t h o s e r e q u i r e d b y c u r r e n t S t a t e I m p l e m e n t a t i o n P l a n s
( S I P s ) f o r e x i s t i n g f a c i l i t i e s .
4 . W i t h i n t h e G r e a t L a k e s b a s i n d r a i n a g e a r e a , t h e U . S . c o n t r i b u t e s
a b o u t t h r e e t i m e s t h e e m i s s i o n s f r o m u t i l i t y s o u r c e s , a n d 1 0 t i m e s
m o r e
f r o m
i n d u s t r i a l
s o u r c e s
t h a n
d o e s
C a n a d a .
W h e n
a l l
o f
O n t a r i o
a n d t h e e i g h t G r e a t L a k e s s t a t e s a r e t a k e n i n t o a c c o u n t , a s t h e y m u s t
b e
w h e n
c o n s i d e r i n g
t h e
a t m o s p h e r i c
p a t h w a y ,
t h e
U . S .
c o n t r i b u t e s
1 0
t i m e s t h e e m i s s i o n s f r o m u t i l i t y s o u r c e s , a n d 4 0 t i m e s t h e a m o u n t
f r o m
i n d u s t r i a l
s o u r c e s
a s d o e s
C a n a d a .
T h e r e
a r e
s o m e
v e r y
l a r g e
p o i n t s o u r c e s i n C a n a d a , f o r e x a m p l e , t h e S u d b u r y S m e l t e r , a n d t h e
N a n t i c o k e P o w e r S t a t i o n t h a t m a y h a v e s i g n i f i c a n t l o c a l i m p a c t s a s
w e l l a s s o m e t r a n s b o u n d a r y s i g n i f i c a n c e ; b u t t h e U . S . s o u r c e s
d o m i n a t e t h e e n t i r e r e g i o n a l e m i s s i o n s s i t u a t i o n .
 
5 . I n g e n e r a l , t h e g r e a t e s t t h r e a t t o a n o t h e r w i s e i m p r o v i n g e m i s s i o n s
p i c t u r e
i n
t h e
G r e a t
L a k e s
b a s i n
r e g i o n
i s
t h e
e n f o r c e m e n t
o f
a i r
p o l l u t i o n c o m p l i a n c e s c h e d u l e s f o r e x i s t i n g f a c i l i t i e s . B e c a u s e o f
t h e
d i f f i c u l t i e s
t h a t
b o t h
t h e
i r o n
a n d
s t e e l ,
a n d
a u t o m o b i l e
i n d u s t r i e s f i n d t h e m s e l v e s i n a t t h e p r e s e n t , t h e r e a r e s t r o n g
p r e s s u r e s
t o
r e l a x
t h e s e




f r e e
c a p i t a l
o u t l a y s
f o r
c o n s t r u c t i o n a n d m o d e r n i z a t i o n o f p r o d u c t i v e f a c i l i t i e s .
B a s e d o n t h e m a n y u n c e r t a i n t i e s t h a t h a v e b e e n i d e n t i f i e d i n t h i s i n i t i a l
a p p r a i s a l ,
t w o m a j o r
a s s e s s m e n t
p r i o r i t i e s
r e m a i n :
1 .
E m i s s i o n s B a l a n c e :
G i v e n t h e i n d i c a t i o n s o f t h i s a s s e s s m e n t t h a t
c o a l b u r n i n g
c o m b u s t i o n
i s r e s p o n s i b l e
f o r o n l y a s m a l l
p a r t o f t h e
t o t a l t r a c e m e t a l d e p o s i t i o n
p r o b l e m i n t h e G r e a t L a k e s , t h e q u e s t i o n
t h e n b e c o m e s
o n e o f a c c o u n t i n g
f o r t h e o t h e r
s o u r c e s .




a c c o u n t i n g
s h o u l d
i n c l u d e
n o n — e n e r g y
p r o c e s s
e m i s s i o n s
a n d
a r e a
s o u r c e s
a s
w e l l
a s
a l l
e n e r g y
s o u r c e s ,
n o t
j u s t
c o a l .
T h i s
e m i s s i o n s
p i c t u r e s h o u l d b e e s t a b l i s h e d o n t h e b a s i s o f A Q C R s , a n d c o v e r t h e
e n t i r e
r e g i o n
o f
i n t e r e s t





G r e a t
L a k e s
s t a t e s
i n t h e U n i t e d S t a t e s ) , w i t h a f u r t h e r d i s a g g r e g a t i o n b y d r a i n a g e
a r e a .
T h e
e n t i r e d a t a b a s e
s h o u l d b e
s t r u c t u r e d i n m a t r i x a l g e b r a i c
f o r m , ( s e e M e i e r 1 9 8 1 ) f o r m a x i m u m c o m p u t a t i o n a l
f l e x i b i l i t y a n d
m i n i m u m
o f
c o s t
i n
d a t a
b a s e
d e s i g n .
2 .
A t m o s p h e r i c M o d e l l i n g :
W h i l e t h e A c r e s
( 1 9 7 5 a n d 1 9 7 7 )
s t u d i e s o f
L R T A P
r e p r e s e n t
e x c e l l e n t
s t a r t i n g





m a t r i x
 
t e c h n i q u e i s r e c o m m e n d e d f o r t h e p u r p o s e o f e n e r g y a s s e s s m e n t .
T h i s
w i l l
r e q u i r e
t h e
a d d i t i o n
o f
C a n a d i a n
a n d
G r e a t
L a k e s
l o c a t i o n s
t o
t h e e x i s t i n g
A Q C R
t o A Q C R
m a t r i x
a v a i l a b l e
f o r t h e U n i t e d
S t a t e s .
' T h e
d a t a
b a s e
s h o u l d
b e




f l e x i b l e




f a c i l i t a t e t h e c a l c u l a t i o n o f e f f e c t s f r o m d i f f e r e n t e m i s s i o n s o u r c e s
( e . g . ,
o l d
p l a n t s
v s .
n e w
p l a n t s ,
c o a l
v s .
o t h e r
f o s s i l
f u e l s ,
e t c . ) .
E m b o d i e d
i n t h e m a t r i x
t e c h n i q u e
s h o u l d
b e t r a c e
m e t a l
s p e c i a t i o n
o f
p a r t i c u l a t e s ,
a n d
d e p o s i t i o n
e s t i m a t e s
i n
t h e
r e c e p t o r
a r e a s .
S e p a r a t e
m a t r i c e s
s h o u l d
b e
u s e d
f o r
u t i l i t i e s ,
i n d u s t r i a l ,
a n d
a r e a
s o u r c e s ,
t o
a c c o u n t
f o r
d i f f e r e n c e s
i n
s t a c k
h e i g h t .
O T H E R T E C H N O L O G I E S
O t h e r
e n e r g y
t e c h n o l o g i e s
w h i c h
w i l l
l i k e l y
b e
f u r t h e r
d e v e l o p e d
i n
o r d e r
t o r e d u c e t h e d e p e n d e n c y o n f o s s i l f u e l s a r e b i o m a s s c o n v e r s i o n , h y d r o e l e c t r i c
p o w e r ,
a n d
t h e
d i r e c t
u s e
o f
s o l a r
e n e r g y
a n d
w i n d
p o w e r .
T h e s e
a l t e r n a t i v e
t e c h n o l o g i e s , a l o n g w i t h p r o g r a m s t o c o n s e r v e a n d m o r e w i s e l y u s e e x i s t i n g
c o n v e n t i o n a l
e n e r g y
s o u r c e s ,
w i l l
g e n e r a l l y
r e d u c e
t h e
d i s c h a r g e
o f
r e s i d u a l s ,
s u c h a s 5 0 2 , N 0 2 , t r a c e m e t a l s , a n d t o x i c o r g a n i c s u b s t a n c e s , b u t m a y i m p a c t
t h e e c o s y s t e m
i n o t h e r
w a y s .
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 B i o m a s s
A s u p p l y o f r e n e w a b l e g a s e o u s a n d l i q u i d f u e l s c a n b e o b t a i n e d f r o m t h e
c o n v e r s i o n o f t h e e n e r g y c o n t a i n e d i n p l a n t m a t t e r ( b i o m a s s ) . I n a d d i t i o n ,
t h e d i r e c t c o m b u s t i o n o f b i o m a s s c a n b e a s u b s t a n t i a l e n e r g y s o u r c e .
T h e p r o d u c t i o n o f e n e r g y f r o m b i o m a s s i s a t t r a c t i v e f o r s e v e r a l r e a s o n s .
T h e a m o u n t o f f u e l i s p o t e n t i a l l y q u i t e l a r g e , e s t i m a t e d t o b e a b l e t o s u p p l y
m o r e t h a n f i v e p e r c e n t o f C a n a d a ' s p r e s e n t e n e r g y c o n s u m p t i o n ( S c i e n c e C o u n c i l
o f C a n a d a , 1 9 7 5 ) . I n t h e U . S . , i t i s e s t i m a t e d t h a t b y t h e y e a r 2 0 1 0 a t o t a l
o f 5 . 7 x 1 0 1 8 J o f e n e r g y c o u l d b e p r o d u c e d a n n u a l l y f r o m m u n i c i p a l a n d
a g r i c u l t u r a l w a s t e s a l o n e , w h i c h a m o u n t s t o a b o u t s e v e n p e r c e n t o f t h e p r e s e n t
e n e r g y c o n s u m p t i o n i n t h e U . S . ( K e n d a l l a n d N a d i s , 1 9 8 0 ) .
D e v e l o p m e n t o f r e n e w a b l e b i o m a s s r e s o u r c e s a s a n a l t e r n a t i v e e n e r g y s u p p l y
w o u l d r e d u c e t h e a m o u n t s o f s o m e p o l l u t a n t s , s u c h a s s u l f u r , d i s c h a r g e d t o t h e
e c o s y s t e m . A l s o , d e v e l o p i n g f u e l s f r o m w a s t e b i o m a s s m a t e r i a l s w o u l d h e l p t o
a l l e v i a t e p r e s e n t w a s t e d i s p o s a l p r o b l e m s .
M o s t d r y f o r m s o f b i o m a s s c a n b e b u r n e d d i r e c t l y t o p r o d u c e h e a t , s t e a m ,
o r e l e c t r i c i t y . A t r e n d t o w a r d t h e u s e o f w o o d b u r n i n g f o r d o m e s t i c h o m e s i s
i n c r e a s i n g a n d c o n c e r n i s d e v e l o p i n g t h a t t h i s w i l l l e a d t o i n c r e a s e d a m o u n t s
o f p a r t i c u l a t e s a n d o r g a n i c s ( H a l l a n d D e A n g e l i s , 1 9 8 0 ) b e i n g e m i t t e d t o t h e
a t m o s p h e r e a n d c o n t r i b u t i n g t o i n d o o r a s w e l l a s o u t d o o r a i r p o l l u t i o n
( C o o p e r , 1 9 8 0 ) . O t h e r p o l l u t a n t s , s u c h a s s u l f u r d i o x i d e a n d c a r b o n m o n o x i d e ,
w i l l b e r e d u c e d . A t h e o r e t i c a l a n a l y s i s o f s e v e r a l r e s o u r c e r e c o v e r y
s c e n a r i o s i n t h e U . S . t o p r o d u c e e n e r g y f r o m t h e b u r n i n g o f m u n i c i p a l s o l i d
w a s t e s e s t i m a t e d t h a t n e t e m i s s i o n s o f c a r b o n m o n o x i d e , N O X , a n d m e t h a n e
w o u l d b e r e d u c e d ( U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y , 1 9 7 9 ) . S u l f u r d i o x i d e
a n d h y d r o c a r b o n s w o u l d a l s o b e r e d u c e d , a n d t h e r e w o u l d b e a s l i g h t i n c r e a s e
i n p a r t i c u l a t e s a n d a l d e h y d e s e m i t t e d t o t h e a t m o s p h e r e a s a r e s u l t o f t h e
r e a s o n a b l e s c e n a r i o s f o r r e s o u r c e r e c o v e r y b y 1 9 9 0 . T h e u s e o f s c r u b b e r s f o r
_ c l e a n i n g s t a c k g a s e m i s s i o n s f r o m i n c i n e r a t o r s w i l l i n c r e a s e w a s t e w a t e r
l f l o w s . T h e s e c o n t a m i n a t e d w a s t e w a t e r f l o w s w i l l b e d i s c h a r g e d e i t h e r t o
m u n i c i p a l w a s t e w a t e r t r e a t m e n t p l a n t s o r s u r f a c e s t r e a m s w h e r e t h e y c a n




 B i o l o g i c a l c o n v e r s i o n t e c h n o l o g y , u t i l i z i n g n a t u r a l a n a e r o b i c d e c a y
p r o c e s s e s , c a n p r o d u c e h i g h q u a l i t y f u e l s d i r e c t l y f r o m b i o m a s s . U t i l i z a t i o n
o f t h e p r o c e s s o n f a r m s t o s u p p l y m e t h a n e a n d r e c y c l e t h e a n i m a l w a s t e s a r e
b e i n g a d e q u a t e l y d e m o n s t r a t e d ( S h e a f f e r e t a l . , 1 9 8 0 ; P h i l l i p s , 1 9 8 0 ) a s
s o u r c e s o f e n e r g y . A n a e r o b i c f e r m e n t a t i o n o f w h e y a n d o t h e r w a s t e p r o d u c t s o f
t h e d a i r y , c h e e s e , a n d a l c o h o l i n d u s t r i e s c a n p r o d u c e l o c a l i z e d p o w e r
g e n e r a t i o n a s w e l l a s d e c r e a s e B O D a n d C O D d i s c h a r g e l e v e l s i n t h e G r e a t L a k e s
w a t e r s h e d .
E t h a n o l f e r m e n t a t i o n c a n a l s o p r o d u c e a l c o h o l f u e l s f o r u s e i n g a s o h o l f o r
v e h i c l e s o r o t h e r u s e s f o r l i q u i d f u e l s . T h e s e c a n b e d e v e l o p e d o n a
c o m m e r c i a l l e v e l u s i n g w a s t e a g r i c u l t u r a l p r o d u c t s a s f e e d s t o c k s ( U . S .
E n v i r o n m e n t a l P r o t e c t i o n A g e n c y , A l c o h o l F u e l s , 1 9 8 0 ) a n d f o r i n d i v i d u a l s m a l l
f a r m s y s t e m s ( U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y , T e s t i n g a n d E v a l u a t i o n ,
1 9 8 0 ) . T h e E n e r g y S e c u r i t y A c t e s t a b l i s h e d a g o a l o f a t l e a s t 6 0 , 0 0 0 b a r r e l s
p e r d a y o f a l c o h o l b y D e c e m b e r , 1 9 8 2 a n d a t l e a s t 1 0 p e r c e n t o f t h e l e v e l o f
g a s o l i n e c o n s u m p t i o n w i t h i n t h e U n i t e d S t a t e s b y 1 9 9 0 .
E n e r g y p r o d u c t i o n f r o m b i o m a s s p r o d u c e s v a r y i n g l e v e l s o f e m i s s i o n s o f a i r
a n d w a t e r p o l l u t a n t s , a n d s o m e p r o c e s s e s r e q u i r e l a r g e q u a n t i t i e s o f w a t e r .
W o o d b u r n i n g s t o v e s c a n p r o d u c e s i g n i f i c a n t a m o u n t s o f a t m o s p h e r i c p o l l u t a n t
e m i s s i o n s . B a c t e r i a l f e r m e n t a t i o n o f f e r s a m e c h a n i s m f o r c o m b i n i n g b i o m a s s
e n e r g y p r o d u c t i o n w i t h n u t r i e n t r e c y c l i n g a n d s o i l r e p l e n i s h m e n t , s o t h a t s o m e
o f t h e i m p o r t a n t e c o l o g i c a l i m p a c t s o f r e s i d u e c o l l e c t i o n a n d n e w g r o w t h
b i o m a s s p r o d u c t i o n w o u l d b e e s s e n t i a l l y a l l e v i a t e d . S o m e b i o m a s s t e c h n o l o g i e s
h a v e l i t t l e i m p a c t o n s e c o n d a r y u s e s o f t h e f e e d s t o c k s . E t h a n o l p r o d u c t i o n
f r o m g r a i n s s u c h a s c o r n d o e s n o t r e d u c e t h e p r o t e i n a v a i l a b l e . R a t h e r t h e
p r o t e i n i s c o n c e n t r a t e d i n t h e r e s i d u e . H o w e v e r , t h e c a r b o h y d r a t e s w i l l b e
r e d u c e d .
E x p l o i t a t i o n o f n e w g r o w t h b i o m a s s f o r e n e r g y c o u l d i n v o l v e c o m p e t i t i o n
f o r l a n d , f o o d , o r l u m b e r . I n t e n s i f i c a t i o n o f l o g g i n g a n d h a r v e s t i n g o f
f o r e s t s i n t h e G r e a t L a k e s b a s i n c o u l d h a v e s o m e n e g a t i v e i m p a c t s o n t h e
e c o s y s t e m , p a r t i c u l a r l y t h e U p p e r G r e a t L a k e s . A s r e p o r t e d i n t h e P o l l u t i o n
f r o m L a n d U s e A c t i v i t i e s R e f e r e n c e G r o u p s t u d i e s , i n t e n s i v e a g r i c u l t u r a l a n d
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 s i l v i c u l t u r a l
o p e r a t i o n s
c a n
i n c r e a s e
t h e
d i s c h a r g e
o f
c e r t a i n
p o l l u t a n t s
i n t o
t h e
G r e a t
L a k e s
( I n t e r n a t i o n a l
J o i n t
C o m m i s s i o n ,
E n v i r o n m e n t a l ,
1 9 7 8 ) .
P o l l u t a n t d i s c h a r g e s t h a t w o u l d h a v e r e s u l t e d f r o m t h e r e p l a c e d e n e r g y s o u r c e s
w o u l d
b e
b e n e f i t s .
A g r i c u l t u r a l
c h e m i c a l
u s e ,
i n c l u d i n g
n u t r i e n t s ,
i n s e c t i c i d e s , a n d h e r b i c i d e s w o u l d b e i n c r e a s e d , a n d t h e i n c r e a s e i n
m o n o c u l t u r e
a g r i c u l t u r a l
c r o p s
a n d
h e a v y
c o n s u m p t i v e
u s e
o f
w a t e r
c o u l d
l e a d
t o
s e r i o u s
e c o l o g i c a l
c h a n g e s
i n t h e G r e a t L a k e s
b a s i n .
E n e r g y
p r o d u c t i o n
f r o m
b i o m a s s
" p l a n t a t i o n s " ,
s p e c i a l
c r o p s
g r o w n
f o r
e n e r g y c o n v e r s i o n , w i l l l i k e l y b e s e v e r e l y c o n s t r a i n e d b y l a n d a n d w a t e r
a v a i l a b i l i t y .





p r u d e n t
t o
d e v o t e
l a r g e
a m o u n t s
o f
w a t e r
a n d f e r t i l e l a n d e x c l u s i v e l y t o
t h e p r o d u c t i o n o f e n e r g y c r o p s , b i o m a s s e n e r g y
p r o d u c t i o n
f r o m
a g r i c u l t u r a l ,
w o o d ,
a n d
f i b r e
w a s t e
p r o d u c t s
s h o u l d
b e
e n c o u r a g e d .
T h e u t i l i z a t i o n o f e x i s t i n g a g r i c u l t u r a l a n d m u n i c i p a l w a s t e s f o r
c o n v e r s i o n
t o
u s e f u l
f u e l s
a n d
c h e m i c a l
f e e d s t o c k s ,
i f
t h i s
c a n
b e
d o n e
w i t h o u t l o s i n g o f n u t r i e n t s a n d c o n t r i b u t i n g t o l a n d r u n o f f p r o b l e m s , w i l l
c o n s t i t u t e
a
n e t
d e c r e a s e
i n
e c o l o g i c a l
p r o b l e m s
r e s u l t i n g
f r o m
s u p p l y i n g
t h e
e n e r g y
r e q u i r e d
i n
t h e
U n i t e d
S t a t e s
a n d
C a n a d a .
H y d r o e l e c t r i c
C o n v e n t i o n a l
h y d r o
p o w e r
p r o d u c t i o n
i s




U . S .
p o r t i o n
o f
t h e
G r e a t L a k e s b a s i n , w h i l e 3 1 7 0 M W a r e p r o d u c e d i n t h e C a n a d i a n p o r t i o n .
T a b l e
4 8
p r o v i d e s
d e t a i l s
f o r
e a c h
b y
l a k e
d r a i n a g e
b a s i n
( U . S .
F e d e r a l
E n e r g y
R e g u l a t o r y C o m m i s s i o n , H y d r o e l e c t r i c , 1 9 8 0 a n d O n t a r i o H y d r o , 1 9 8 0 ) .
P o t e n t i a l
f o r
n e w
s o u r c e s
i n
t h e
U . S .
i s
g e n e r a l l y
l o w ,
a m o u n t i n g
t o
2 2 . 7 %
o f
p r e s e n t
c o m p a r e d
t o 2 9 . 4 %
f o r C a n a d a .
T h e r e
a r e
f i v e
a l t e r n a t i v e s
a v a i l a b l e
f o r
f u t u r e
p r o d u c t i o n
o f
h y d r o
e l e c t r i c i t y
i n
t h e
G r e a t
L a k e s
r e g i o n .
I n
o r d e r
o f
t h e i r
f e a s i b i l i t y t h e s e
a l t e r n a t i v e s
a r e :
( 1 )
e x p a n s i o n
a t
e x i s t i n g
p l a n t s ,
( 2 )
n e w
d e v e l o p m e n t s ,
( 3 )
e x p a n s i o n
o f
n o r t h e r n
C a n a d i a n
s o u r c e s
i n
O n t a r i o
a n d
Q u e b e c ,
( 4 )
p u m p e d
s t o r a g e ,
a n d
( 5 )
s m a l l
s c a l e / l o w
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P R O D U C T I O N W I T H I N T H E G R E A T L A K E S B A S I N
 
B a s i n
L a k e O n t a r i o
U . S .
C a n a d a
T O T A L
L a k e E r i e
U . S .
C a n a d a
T O T A L
L a k e H u r o n
U . S .
C a n a d a
T O T A L
L a k e M i c h i g a n
U . S .
T O T A L
L a k e S u p e r i o r
U . S .
C a n a d a
T O T A L
U . S . T O T A L
C a n . T O T A L
B A S I N T O T A L
D e v e l o p e d
f K W !
2 2 0 1 6 5 5
2 0 3 9 8 2 0
4 2 4 1 4 7 5
2 4 2 0
2 4 2 0
6 0 8 7 0
5 6 9 1 8 8
6 3 0 0 5 8
3 0 0 6 9 1
1 8 3 4 2 5
5 6 4 2 7 6
7 4 7 7 0 1
2 7 4 9 0 9 1
3 1 7 3 2 8 4
5 9 2 2 3 4 5
U n d e v e T o p e d
f K W !
3 3 7 0 8 8
5 2 4 9 0 0
8 6 1 9 8 8
5 1 0 7 0
5 1 0 7 0
5 8 7 0 0
5 0 3 3 0 0
5 6 2 0 0 0
2 2 2 0 7 8
1 4 1 3 5 6
2 9 3 5 0 0
4 3 4 8 5 6
8 1 0 2 9 2
1 3 2 1 7 0 0











T o t a T
M
5 3 8 7 4 3
5 6 4 7 2 0
1 0 3 4 6 3
5 3 4 9 0
5 3 4 9 0
1 1 9 5 7 0
0 7 2 4 8 8
1 9 2 0 5 8
5 2 2 7 6 9
3 2 4 7 8 1
8 5 7 7 7 6
1 8 2 5 5 7
5 5 9 3 8 3
4 9 4 9 8 4
0 5 4 3 3 7
 
 
+ 1 9 5 0 0 0 0 K M f r o m N i a g a r a R i v e r
* 1 8 8 6 8 0 5 K w f r o m N i a r a g a R i v e r
 
 
E x p a n s i o n a t e x i s t i n g d a m s c o q u t a k e p T a c e b y r e t r o f i t t i n g w i t h i m p r o v e d
t u r b i n e s o r i n c r e a s i n g t h e n u m b e r o f g e n e r a t i n g u n i t s . T h e a d d i t i o n o f
g e n e r a t i n g u n i t s a t U . S . f e d e r a T T y - o w n e d f T o o d c o n t r o T d a m s w i T T a l s o
c o n t r i b u t e t o n e t e n e r g y p r o d u c t i o n .
p r o d u c t i o n a r e m o s t n o t a b T e i n t h e S t . M a r y s a n d N i a g a r a R i v e r s .
S i g n i f i c a n t i n c r e a s e s i n e n e r g y
R e a c t i v a t i n g
 
 
 s i t e s
a b a n d o n e d
d u r i n g
t h e
c h e a p
e n e r g y
e r a
( c i r c a 1 9 6 4 ~ 7 2 )
i s
a l s o
a n
i n c r e a s i n g
b a s i n
a c t i v i t y ,
e s p e c i a l l y
i n
t h e
U . S .
( e . g .
E l k
R a p i d s ,
M i c h i g a n ,
F E R C P r o j e c t # 3 0 3 0 r a t e d
a t
. 7 0 0 M W ) .
R e a l i z a t i o n o f
t h i s
a l t e r n a t i v e s h o u l d
b e
e x p e c t e d
i n
t h e
n e a r
t e r m
f o r
t h e
G r e a t
L a k e s
b a s i n ,
b u t
i t s
c o n t r i b u t i o n
t o o f f l o a d i n g
p e a k
n e e d s
w i l l
b e
s m a l l
c o m p a r e d
t o e x i s t i n g
p r o d u c t i o n .
M a j o r
n e w
c o n v e n t i o n a l
d e v e l o p m e n t
w i t h i n
t h e
b a s i n
c a n n o t
b e
e x p e c t e d
t o
p r o v i d e s i g n i f i c a n t i n c r e a s e s i n e n e r g y p r o d u c t i o n .
I n C a n a d a , t h e M i s s i -
s s a u g a ,
P i c ,
a n d
W h i t e
R i v e r s
w i l l
p r o b a b l y
u n d e r g o
n e w
d e v e l o p m e n t ,
w i t h
a n
e x p e c t e d c a p a c i t y o f 5 0 3 M W ( O n t a r i o H y d r o , 1 9 8 0 ) .
T h e f o l l o w i n g r i v e r b a s i n s
i n
t h e
U . S .
a r e
e x p e c t e d
t o
p r o v i d e




a d d i t i o n a l
h y d r o
d e v e l o p m e n t : B l a c k , O s w e g o , a n d G e n e s e e i n t h e L a k e O n t a r i o b a s i n , t h e A u
S a b l e
i n
t h e
L a k e
H u r o n
b a s i n ,
a n d
t h e
M a n i s t e e
i n
t h e
L a k e
M i c h i g a n
b a s i n
( U . S .
F e d e r a l
E n e r g y
R e g u l a t o r y
C o m m i s s i o n ,
H y d r o e l e c t r i c ,
1 9 8 0 ) .
H y d r o
p o w e r
p r o d u c t i o n
r e s u l t s
i n
a l m o s t
n o
a i r b o r n e
c o n t a m i n a n t s
i n
c o n t r a s t
t o
f o s s i l - f u e l e d s t e a m




f a c e d
w i t h
t h e
w a s t e
d i s p o s a l
p r o b l e m
a t t e n d a n t
u p o n
n u c l e a r
f a c i l i t i e s .
H o w e v e r ,
o t h e r
p o t e n t i a l
e n v i r o n m e n t a l i m p a c t s o f
h y d r o i n c l u d e t h e h a r m f u l e f f e c t s o n
r e s i d e n t b i o t a
i n u n d a t e d b y r e s e r v o i r s , d o w n s t r e a m b i o t i c e f f e c t s c a u s e d b y
d e w a t e r i n g o r
r a p i d f l o w f l u c t u a t i o n s , d o w n s t r e a m e r o s i o n , s e d i m e n t a t i o n w i t h i n t h e
r e s e r v o i r
w h i c h
a l s o
a t t e n u a t e s
t h e
l o n g e v i t y
o f
p o w e r
p r o d u c t i o n ,
l o s s
o f
r e s e r v o i r h a b i t a t t h r o u g h a n o x i c h y p o l i m n i a , r e l e a s e o f
a n o x i c w a t e r , r e l e a s e
o f
w a t e r
t h e r m a l l y
i n c o m p a t i b l e
w i t h
a m b i e n t
c o n d i t i o n s ,
a n d
r e p l a c e m e n t
o f
t e r r e s t r i a l
e n v i r o n m e n t s
w i t h
a q u a t i c
e n v i r o n m e n t s .
A s
a
f o r m
o f
s o l a r
p o w e r ,
t h e
s o u r c e
o f
h y d r o e l e c t r i c i t y
i s
r e n e w a b l e ,
b u t
t h e q u a n t i t y o f a d e q u a t e h y d r o s i t e s i s f i n i t e . T h e r e a r e b u t a f e w
e c o n o m i c a l l y
f e a s i b l e
c o n v e n t i o n a l
h y d r o
s i t e s
r e m a i n i n g
i n
t h e
G r e a t
L a k e s
b a s i n , m o s t l y o n
t h e C a n a d i a n s i d e .
A s
t h e c o s t o f
e n e r g y i n c r e a s e s t h e
d e v e l o p m e n t
o f
t h e s e
s i t e s
c a n
b e
e x p e c t e d .
 
 
S o l a r
I n t h e l o n g t e r m , i t m a y b e p o s s i b l e f o r s o l a r e n e r g y t o p r o v i d e e a c h o f
t h e e n e r g y f o r m s u s e d b y p e o p l e : h e a t , e l e c t r i c i t y a n d f u e l s . I n t h e n e a r
t e r m , h o w e v e r , o n l y c e r t a i n h e a t i n g a p p l i c a t i o n s a r e e c o n o m i c a l l y f e a s i b l e .
T e c h n o l o g i e s f o r t h e d i r e c t u s e o f s o l a r h e a t a r e , i n g e n e r a l , t h e m o s t
n e a r l y e c o n o m i c a l t o d a y . S o m e o f t h e t y p e s - d o m e s t i c s p a c e h e a t i n g , d o m e s t i c
h o t w a t e r h e a t i n g a n d p r o d u c t i o n o f h o t w a t e r o r l o w - p r e s s u r e s t e a m f o r
i n d u s t r i a l a n d a g r i c u l t u r a l p r o c e s s e s - c a n b e v i e w e d a s q u i t e w e l l d e v e l o p e d
a n d a r e t h e m o s t l i k e l y t e c h n o l o g i e s f o r w i d e s p r e a d c o m m e r c i a l i z a t i o n i n t h e
i n t e r m e d i a t e t e r m ( N a t i o n a l A c a d e m y o f S c i e n c e s , E n e r g y , 1 9 7 9 ) .
P a s s i v e s o l a r h e a t i n g a n d c o o l i n g s y s t e m s c o n s i s t o f e n e r g y e f f i c i e n t
b u i l d i n g s d e s i g n e d s o a s t o m i n i m i z e h e a t l o s s e s i n t h e w i n t e r a n d h e a t g a i n s
i n t h e s u m m e r . P a s s i v e s y s t e m s u s e n a t u r a l e n e r g y f l o w s t o t r a n s f e r h e a t i n t o
a n d o u t o f b u i l d i n g s , w i t h o u t r e l y i n g o n t h e f o r c e d c i r c u l a t i o n o f a h e a t i n g
o r c o o l i n g f l u i d . T h e s y s t e m s i n c l u d e l a r g e s o u t h f a c i n g w i n d o w s ; i n s u l a t e d
s h u t t e r s , r e f l e c t o r s , o v e r h a n g s , o t h e r s h a d i n g d e v i c e s a n d t h e s t o r i n g o f
t h e r m a l e n e r g y i n b u i l d i n g f l o o r s , w a l l s a n d / o r c e i l i n g s . S o l a r c o l l e c t o r s ,
s e p a r a t e f r o m t h e b a s i c b u i l d i n g s t r u c t u r e s a n d p o w e r e d s o l e l y b y n a t u r a l
c o n v e c t i o n , p r o v i d e w a r m w a t e r a n d a i r t o t h e s p a c e t o b e h e a t e d . S o l a r
e n e r g y c a n a l s o b e b o t h c o l l e c t e d a n d s t o r e d b y d a r k l y p a i n t e d c o n c r e t e w a l l s
o r w a l l s c o m p o s e d o f b l a c k e n e d , w a t e r - b e a r i n g d r u m s . R o o f p o n d s c a n e m p l o y
w a t e r f i l l e d p l a s t i c b a g s i n s t a l l e d o n c e i l i n g s t o s t o r e t h e r m a l e n e r g y a n d
p r o v i d e s p a c e h e a t i n g a n d c o o l i n g . G r e e n h o u s e s c a n a l s o b e d e s i g n e d t o p e r m i t
e x c e s s c o l l e c t e d h e a t t o p a s s i n t o t h e b u i l d i n g s t o w h i c h t h e y a r e a t t a c h e d
( K e n d a l l a n d N a d i s , 1 9 8 0 ) .
R e s i d e n t i a l , c o m m e r c i a l a n d i n d u s t r i a l u t i l i z a t i o n o f s o l a r t h e r m a l e n e r g y
w i l l h a v e m i n i m a l e n v i r o n m e n t a l i m p a c t . T h e o p e r a t i o n o f t h e t h e s e s y s t e m s
w i l l p r o d u c e n o p o l l u t i o n d i r e c t l y ( K e n d a l l a n d N a d i s , 1 9 8 0 ) . T h e p r i n c i p a l
e n v i r o n m e n t a l e f f e c t s w i l l b e t h o s e a s s o c i a t e d w i t h t h e m a n u f a c t u r e o f s o l a r
e q u i p m e n t . H o w e v e r , i t i s e x p e c t e d t h a t t h r o u g h o u t t h e i r u s e f u l l i f e t i m e ,
1 4 5
 s o l a r h e a t i n g s y s t e m s s h o u l d b e a b l e t o p r o d u c e a b o u t 2 5 t i m e s m o r e e n e r g y
t h a n w a s c o n s u m e d i n t h e i r p r o d u c t i o n . T h e o p e r a t i o n o f n o n p o l l u t i n g s o l a r
t h e r m a l s y s t e m s c a n l e a d t o a s i g n i f i c a n t n e t r e d u c t i o n i n p o l l u t i o n , e v e n i f
c o n v e n t i o n a l e n e r g y i s u s e d f o r t h e i r m a n u f a c t u r e . F u r t h e r m o r e , o n c e t h e
s y s t e m ' s u s e f u l l i f e h a s t e r m i n a t e d , t h e b a s i c m a t e r i a l s c a n b e r e a d i l y
r e c y c l e d t o p r o d u c e n e w e q u i p m e n t ( K e n d a l l a n d N a d i s , 1 9 8 0 ) .
H i g h t e m p e r a t u r e s o l a r t h e r m a l e n e r g y c a n b e c o n v e r t e d t o e l e c t r i c i t y i n a
p r o c e s s s i m i l a r t o t h a t e m p l o y e d b y c o n v e n t i o n a l p o w e r p l a n t s , e x c e p t f o r t h e
d i f f e r e n c e i n t h e i n i t i a l t h e r m a l e n e r g y s o u r c e . T h i s t y p i c a l a p p r o a c h u s e s a
l a r g e f i e l d o f s t e e r a b l e m i r r o r s b u i l t t o f o l l o w t h e s u n a n d c o n c e n t r a t e h e a t
i n t o a b o i l e r a t o p a t o w e r . T h e a b s o r b e d s o l a r e n e r g y i s u s e d t o p r o d u c e
s t e a m , w h i c h i n t u r n i s u s e d t o g e n e r a t e e l e c t r i c i t y i n a c o n v e n t i o n a l t u r b i n e
g e n e r a t o r . A 1 0 0 M W e f a c i l i t y w o u l d c o v e r m o r e t h a n 2 . 6 x 1 0 6 m 2 ( K e n d a l l
a n d N a d i s , 1 9 8 0 ) .
P h o t o v o l t a i c c e l l s a r e s e m i c o n d u c t o r d e v i c e s t h a t g e n e r a t e s m a l l e l e c t r i c
c u r r e n t s w h e n e x p o s e d t o l i g h t . P o w e r c a n b e p r o d u c e d b y u s i n g t h e c e l l s
t o g e t h e r i n a r r a y s , e i t h e r e x p o s e d d i r e c t l y t o t h e s u n o r e q u i p p e d w i t h
c o n c e n t r a t i n g m i r r o r s o r l e n s e s t h a t t r a c k t h e s u n . P h o t o v o l t a i c s y s t e m s m a y
b e u s e d i n a n y s i z e , f r o m s i n g l e h o u s e h o l d s t o l a r g e c e n t r a l g e n e r a t i n g
s t a t i o n s . T h i s m e t h o d i s m u c h t o o e x p e n s i v e a t p r e s e n t t o c o m p e t e w i t h
c o n v e n t i o n a l m e a n s t o p r o d u c e e l e c t r i c i t y ( N a t i o n a l A c a d e m y o f S c i e n c e s ,
E n e r g y , 1 9 7 9 ) .
T h e m o s t s i g n i f i c a n t e n v i r o n m e n t a l i m p a c t s o f t h e s e m e t h o d s o f e l e c t r i c
p o w e r g e n e r a t i o n w o u l d b e t h e i r l a n d a n d m a t e r i a l r e q u i r e m e n t s . I f l o c a t e d
o p t i m a l l y ( e . g . i n t h e s o u t h w e s t e r n U . S . d e s e r t ) t h i s t y p e o f p l a n t w o u l d t a k e
u p a b o u t a s m u c h l a n d a s t h a t u s e d d u r i n g t h e e n t i r e e x p e c t e d l i f e o f a n
e q u i v a l e n t c o a l p l a n t ( i n c l u d i n g m i n i n g ) a n d a n o r d e r o f m a g n i t u d e g r e a t e r
t h a n t h a t f o r t h e e q u i v a l e n t n u c l e a r p l a n t . L a n d u s e i m p a c t s w o u l d b e l e s s
s e v e r e f o r s m a l l s c a l e s y s t e m s w h i c h u s u a l l y c a n b e d i r e c t l y i n c o r p o r a t e d i n t o
b u i l d i n g s a n d o t h e r s t r u c t u r e s . L a r g e s c a l e s o l a r t h e r m a l p l a n t s c o u l d a f f e c t
t h e l o c a l t h e r m a l e n e r g y b u d g e t b y i n c r e a s i n g t h e p r o p o r t i o n o f s o l a r
r a d i a t i o n a b s o r b e d t o t h a t r e f l e c t e d o n t h e e a r t h ' s s u r f a c e . T h i s h o w e v e r
1 4 6
 w o u l d b e s m a l l i n c o m p a r i s o n t o t h e e f f e c t o f c o n v e n t i o n a l f o s s i l f u e l a n d
n u c l e a r p l a n t s . L i k e c o n v e n t i o n a l p o w e r p l a n t s , t h i s m e t h o d c o n s u m e s l a r g e
q u a n t i t i e s o f w a t e r . A l t h o u g h s o m e p o l l u t i o n w o u l d b e p r o d u c e d i n t h e
m a n u f a c t u r e o f t h e s o l a r p l a n t e q u i p m e n t , t h e a m o u n t e m i t t e d w o u l d b e l e s s b y
a f a c t o r o f t e n o r m o r e t h a n t h a t r e s u l t i n g f r o m t h e o p e r a t i o n o f c o m p a r a b l e
c o n v e n t i o n a l p l a n t s ( K e n d a l l a n d N a d i s , 1 9 8 0 ) .
W i n d
 
O v e r t h e l a s t c e n t u r y , a p p r o x i m a t e l y s i x m i l l i o n s m a l l w i n d m i l l s h a v e
o p e r a t e d i n t h e U . S . o f w h i c h r o u g h l y 1 5 0 , 0 0 0 a r e s t i l l i n o p e r a t i o n . T h e
s i m p l i c i t y o f w i n d t e c h n o l o g y w i l l a l l o w f o r r a p i d d e p l o y m e n t i n c o m p a r i s o n t o
m a n y o t h e r e n e r g y t e c h n o l o g i e s . T h e e c o n o m i c p r o s p e c t s o f w i n d s y s t e m s a r e
q u i t e p r o m i s i n g . I n m a n y a r e a s , t h e d e n s i t y o f w i n d p o w e r e x c e e d s t h a t o f t h e
i n c i d e n t s o l a r f l u x . W i n d e n e r g y c a n a l s o b e c o n v e r t e d t o e l e c t r i c i t y w i t h
g r e a t e r e f f i c i e n c y t h a n c a n s u n l i g h t . T h e m e a n a n n u a l w i n d p o w e r f o r t h e
G r e a t L a k e s b a s i n v a r i e s f r o m 2 0 0 t o 3 0 0 w a t t s / s q u a r e m e t r e a n d i s , t h e r e f o r e ,
s u i t a b l e f o r w i n d g e n e r a t i o n f a c i l i t i e s ( K e n d a l l a n d N a d i s , 1 9 8 0 ) .
A w i n d t u r b i n e c o u l d p r o d u c e a s m u c h e n e r g y a s w a s c o n s u m e d i n i t s
p r o d u c t i o n w i t h i n e i g h t m o n t h s o r l e s s . W i n d i s c o n s i d e r e d t o b e p e r h a p s t h e
m o s t e c o l o g i c a l l y b e n i g n s o u r c e o f e l e c t r i c p o w e r . A d v a n t a g e s a r e t h a t n o
w a t e r i s r e q u i r e d a n d n o a i r o r t h e r m a l p o l l u t i o n i s p r o d u c e d . W e a t h e r
m o d i f i c a t i o n e f f e c t s a r e e x p e c t e d t o b e n e g l i g i b l e . W i n d t u r b i n e s w i l l
g e n e r a l l y b e r e m o t e l y s i t e d , m i t i g a t i n g t h e p o s s i b i l i t y o f n o i s e p o l l u t i o n o r
v i s u a l o f f e n s e . T h e l a n d u s e i m p a c t s h o u l d n o t b e s e v e r e b e c a u s e t h e s i t i n g
o f w i n d t u r b i n e w i l l n o t p r e c l u d e t h e p o s s i b i l i t y o f o t h e r u s e s o f l a n d s u c h
a s a g r i c u l t u r e . T h e h a z a r d s p o s e d t o m i g r a t i n g b i r d s s h o u l d b e
i n c o n s e q u e n t i a l c o m p a r e d t o o t h e r s o u r c e s o f b i r d m o r t a l i t y ( K e n d a l l a n d























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































f a c i l i t i e s .
 
  
T h i r d , f o r a g i v e n e s t i m a t e d l e v e l a n d s p a t i a l p a t t e r n o f a c t i v i t i e s ,
a l t e r n a t i v e t r a n s p o r t a t i o n s y s t e m s a r e p o s s i b l e . G o v e r n m e n t a l p o l i c i e s , f u e l
c o s t s , a n d t e c h n o l o g i c a l d e v e l o p m e n t s w i l l b e m a j o r f a c t o r s a f f e c t i n g
a l t e r n a t i v e t r a n s p o r t a t i o n s y s t e m s .
F o u r t h , f o r a n y g i v e n e s t i m a t e d l e v e l a n d s p a t i a l p a t t e r n o f a c t i v i t i e s
a n d o n e a s s o c i a t e d t r a n s p o r t s y s t e m , t h e r e w i l l b e a l t e r n a t i v e c o n f i g u r a t i o n s
o f e n e r g y
d e m a n d s ,
i n c l u d i n g
l o a d
f a c t o r s .
T h e s e
c o n f i g u r a t i o n s
w i l l
b e a
f u n c t i o n o f a n u m b e r o f v a r i a b l e s , i n c l u d i n g e n e r g y p r i c e s , p r i c e s o f o t h e r
r a w m a t e r i a l i n p u t s , t e c h n o l o g y , p r o d u c t c h a r a c t e r i s t i c s , l i f e s t y l e ,
i n f o r m a t i o n
p r o v i d e d
w i t h
r e s p e c t
t o c o n s e r v a t i o n
p o s s i b i l i t i e s ,
t a x
c r e d i t s
f o r
i n s t a l l a t i o n
o f m e a s u r e s
t o r e d u c e
e n e r g y
u s e ,
r e s t r i c t i o n s
o n r e s i d u a l s
d i s c h a r g e d . O n e o f t h e i m p o r t a n t v a r i a b l e s a f f e c t i n g e n e r g y d e m a n d s w i l l b e
t h e
p r i c i n g
s c h e d u l e s
a d o p t e d ,
f o r
e x a m p l e ,
p e a k
l o a d
p r i c i n g ,
i n v e r t e d
r a t e
s c h e d u l e s ,
a n d
t h e
e x t e n t
o f s u b s i d i e s
p r o v i d e d
t o p o w e r
s u p p l y
e n t i t i e s ,
w h i c h w i l l i n t u r n a f f e c t t h e p r i c e o f e n e r g y t o u s e r s .
F i f t h , f o r a n y g i v e n e s t i m a t e d l e v e l a n d s p a t i a l p a t t e r n o f a c t i v i t i e s ,
g i v e n
t r a n s p o r t a t i o n
s y s t e m ,
a n d t h e r e s u l t i n g
c o n f i g u r a t i o n
o f e n e r g y
d e m a n d s ,
t h e r e
w i l l
b e a l t e r n a t i v e
e n e r g y
s u p p l y
s y s t e m s
w h i c h
c o u l d
m e e t
t h e
i n d i c a t e d e n e r g y d e m a n d s .
T h e c o m p o n e n t s o f t h e e n e r g y s u p p l y s y s t e m s w i l l
d e p e n d u p o n i n p u t m a t e r i a l p r i c e s , t e c h n o l o g i c a l c h a n g e s , a n d o n g o v e r n m e n t a l
p o l i c i e s
i n c l u d i n g
t h e
n a t u r e
a n d e x t e n t
o f c o n s t r a i n t s
o n r e s i d u a l s
d i s c h a r g e s
t o t h e e n v i r o n m e n t ,
p r i c i n g ,
t a x ,
a n d l e a s i n g
p o l i c i e s
o n r a w
m a t e r i a l s ,
a n d t h e w a y s i n w h i c h t h e c o n s t r a i n t s
o n d i s c h a r g i n g
a r e i m p o s e d o n
t h e i n d i v i d u a l
a c t i v i t i e s .
S i x t h , t h e r e s i d u a l s g e n e r a t e d a n d d i s c h a r g e d b y a n d f r o m a l l o f t h e
e n e r g y
s u p p l y
f a c i l i t i e s ,
i n c l u d i n g
o n - s i t e
g e n e r a t i o n
i n i n d u s t r i a l
a n d o t h e r
f a c i l i t i e s , c a n t h e n b e e s t i m a t e d . T h e r e s i d u a l s g e n e r a t e d a r e a d i r e c t
f u n c t i o n
o f t h e p r o d u c t i o n
t e c h n o l o g y
a n d o f p r i c e s
o f f a c t o r
i n p u t s ;
t h e
r e s i d u a l s d i s c h a r g e d a r e a f u n c t i o n o f t h o s e v a r i a b l e s a n d t h e c o n s t r a i n t s
i m p o s e d
o n d i s c h a r g e s
a n d t h e e c o n o m i c
i n c e n t i v e s
p r o v i d e d
i n d i v i d u a l
a c t i v i t i e s t o i n s t a l l a n d o p e r a t e v a r i o u s t y p e s o f p o l l u t i o n c o n t r o l
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
  










































































c h 1 9 7 7
.
A t m o s p h e r i c L o a d i n g o f t h e U p p e r G r e a t L a k e s .
S u b m i t t e d
t o
t h e
I n t e r n a t i o n a l
R e f e r e n c e
G r o u p
o n
G r e a t
L a k e s
P o l l u t i o n
f r o m
L a n d U s e A c t i v i t i e s , W i n d s o r , O n t a r i o , 1 9 7 5 .
A l l
e n ,
H . E .
a n d































































1 9 8 0
.





C a n a
d a :
E s t i
m a t e
s o f
F u t u
r e E
n e r g
y / G N
P R e
l a t i
o n s h
i p s .
I n s t
i t u t
e
f o r E n e r
g y
A n a l
y s i s
,
W a s h
i n g t
o n ,
D . C .
,
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o n a
P u b l
i c S
e r v i
c e C
o m m i
s s i o
n .
F o u r
C o r n
e r s
G e n e
r a t i
n g P
l a n t
a n d
N a v a
j o
C o a l M i n e
,
E n v i
r o n m
e n t a
l
R e p o
r t . M a r c
h








































1 9 8 0
.
. A p p l i c a t i o n t o t h e A E C B f o r S i t e A p p r o v a l , g
P o r t
H o p e
U F 6
F a c i l i t i e s
E x p a n s i o n .
E l d o r a d o
N u c l e a r
L i m i t e d ,
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p p . 8 5 5 - 8 6 1 , A u g u s t 1 9 8 0 .
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 A p p e n d i x E
M A J O R T H E R M A L E L E C T R I C G E N E R A T I N G F A C I L I T I E S I N T H E G R E A T L A K E S B A S I N
T a b T e A 1 F a c i T i t i e s i n t h e U n i t e d S t a t e s G r e a t L a k e s B a s i n
T a b T e A 2 F a c i 1 i t i e s i n t h e C a n a d i a n G r e a t L a k e s B a s i n
1 6 3
  













































F A C I L I T Y E L E C T R I C
O w n e r
G E N E R A T I N G
F U E L
G e n e r a t i n g
S t a t i o n
N a m e
C A P A C I T Y
N e a r e s t C i t y ( M W e )
L A K E S U P E R I O R
U p p e r
P e n i n s u l a
G e n .
C o .
5 7 5
c o a l
P r e s q u e I s l e
M a r q u e t t e , M i c h i g a n
M a r q u e t t e
B o a r d
L i g h t
&
P o w e r
3 4
c o a l
S h i r a s l & 2
M a r q u e t t e , M i c h i g a n
U p p e r
P e n i n s u l a
P o w e r
C o .
l 8
c o a l
J . H . W a r d e n
L ' A n s e , M i c h i g a n
M i n n e s o t a
P o w e r
&




M . L . H i b b a r d
D u l u t h , M i n n e s o t a
L a k e
S u p e r i o r
D i s t .
P o w e r
8 2
c o a l
B a y F r o n t
C h e q u a m e g o n B a y , W i s c o n s i n
L A K E M I C H I G A N
C o m m o n w e a l t h
E d i s o n
C o .
7 7 4
c o a l
W a u k e g a n
W a u k e g a n , I l l i n o i s
C o m m o n w e a l t h
E d i s o n
C o .
2 , 0 8 0
n u c l e a r
Z i o n l & 2
Z i o n , I l l i n o i s
C o m m o n w e a l t h
E d i s o n
C o .
9 7 2
c o a l
S t a t e l i n e
H a m m o n d , I n d i a n a
N o r t h e r n
I n d i a n a
P u b l i c
S e r v i c e
C o .
5 2 9
c o a l
D . H . M i t c h e l l
G a r y , I n d i a n a
N o r t h e r n
I n d i a n a
P u b l i c
S e r v i c e
C o .
7 3 6
c o a l
M i c h i g a n C i t y









F A C I L I T Y E L E C T R I C
O w n e r
G E N E R A T I N G
F U E L
G e n e r a t i n g
S t a t i o n
N a m e
C A P A C I T Y
N e a r e s t C i t y ( M W e )
L A K E M I C H I G A N ( c o n t i n u e d )
N o r t h e r n
I n d i a n a
P u b 1 i c
S e r v i c e
C o .
6 1 6
c o a 1
B a i 1 1 y
W e s t C h e s t e r t o n , I n d i a n a
I n d i a n a
& M i c h i g a n
E 1 e c .
C o .
2 , 1 1 4
n u c 1 e a r
D . C . C o o k
B r i d g m a n , M i c h i g a n
T r a v e r s e
C i t y
L i g h t
&
P o w e r
3 3
c o a 1
B a y s i d e
T r a v e r s e C i t y , M i c h i g a n
C o n s u m e r
P o w e r
C o m p a n y
7 ?
n u c 1 e a r
B i g R o c k P o i n t
C h a r 1 e v o i x , M i c h i g a n
C o n s u m e r
P o w e r
C o m p a n y
1 , 3 1 9
c o a 1
J . H . C a m p b e 1 1
B u r n i p s , M i c h i g a n
C o n s u m e r
P o w e r
C o m p a n y
8 0 5
n u c 1 e a r
P a 1 i s a d e s
P a 1 i s a d e s P a r k , M i c h i g a n
C o n s u m e r
P o w e r
C o m p a n y
4 8 3
c o a 1
B . C . C o b b
M u s k e g o n , M i c h i g a n
C o n s u m e r
P o w e r
C o m p a n y
2 1 0
o i 1
B . E . M o r r o w
C o m s t o c k , M i c h i g a n
H o 1 1 a n d
B o a r d
o f
P u b 1 i c
W o r k s
6 3
c o a 1
J a m e s D e Y o u n g
H o 1 1 a n d , M i c h i g a n
U p p e r
P e n i n s u 1 a
P o w e r
C o .
2 9
c o a 1
E s c a n a b a
E s c a n a b a , M i c h i g a n
G r a n d
H a v e n
B o a r d
o f
L i g h t
&
P o w e r
2 0
c o a 1
J . B . S i m s









F A C I L I T Y E L E C T R I C
O w n e r
G E N E R A T I N G
F U E L
G e n e r a t i n g
S t a t i o n
N a m e
C A P A C I T Y
N e a r e s t C i t y ( M W e )
 
L A K E M I C H I G A N ( c o n t i n u e d )
 
 
L a n s i n g B o a r d o f W a t e r & L i g h t
E c k e r t
L a n s i n g , M i c h i g a n
L a n s i n g B o a r d o f W a t e r & L i g h t
E r i c k s o n
L a n s i n g , M i c h i g a n
L a n s i n g B o a r d o f W a t e r & L i g h t
O t t a w a S t r e e t
L a n s i n g , M i c h i g a n
N o r t h e r n M i c h i g a n E l e c t r i c C o — o p .
A d v a n c e
B o y n e C i t y , M i c h i g a n
M a n i t o w a c P u b l i c U t i l i t y
M a n i t o w a c
M a n i t o w a c , W i s c o n s i n
W i s c o n s i n E l e c t r i c P o w e r C o .
L a k e s i d e
M i l w a u k e e , W i s c o n s i n
W i s c o n s i n E l e c t r i c P o w e r C o .
O a k C r e e k
O a k C r e e k , W i s c o n s i n
W i s c o n s i n E l e c t r i c P o w e r C o .
P o r t W a s h i n g t o n P o r t
W a s h i n g t o n , W i s c o n s i n
W i s c o n s i n E l e c t r i c P o w e r C o .
P l e a s a n t P r a i r i e
P l e a s a n t P r a i r i e , W i s c o n s i n
W i s c o n s i n E l e c t r i c P o w e r C o .
V a l l e y
M i l w a u k e e , W i s c o n s i n
W i s c o n s i n E l e c t r i c P o w e r C o .
C o m m e r c e S t r e e t
M i l w a u k e e , W i s c o n s i n
W i s c o n s i n P o w e r & L i g h t
E d g e w a t e r
























    






F A C I L I T Y
O w n e r
G e n e r a t i n g S t a t i o n N a m e
N e a r e s t C i t y
E L E C T R I C
G E N E R A T I N G
C A P A C I T Y
( M W e )
 
F U E L
 
L A K E M I C H I G A N ( c o n t i n u e d )
 
W i s c o n s i n P u b T i c S e r v i c e C o .
J . P . P u T T i a m
G r e e n B a y , W i s c o n s i n
W i s c o n s i n P u b i i c S e r v i c e C o .
K e w a u n e e
C a r i t o n , W i s c o n s i n
W i s c o n s i n E T e c t r i c P o w e r C o .
P o i n t B e a c h





o i l / c o a l
 
n u c l e a r
 











L A K E H U R O N
D e t r o i t
E d i s o n
C o m p a n y
1 1 0
c o a ]
H a r b o r B e a c h S t a t i o n
H a r b o r B e a c h , M i c h i g a n
C o n s u m e r
P o w e r
C o m p a n y
1 , 7 6 3
o i T / c o a ]
D . E . K a r n ,
E s s e x v i 1 1 e , M i c h i g a n
C o n s u m e r
P o w e r
C o m p a n y
6 1 2
o i T / c o a T
J . C . W e a d o c k
E s s e x v i T I e , M i c h i g a n
S T . C L A I R R I V E R
D e t r o i t
E d i s o n
C o m p a n y
1 4 6
c o a 1
M a r y s v i 1 1 e
M a r y s v i l i e , M i c h i g a n
D e t r o i t
E d i s o n
C o m p a n y
1 , 7 8 5
o i T / c o a T
S t . C T a i r
S t . C l a i r , M i c h i g a n
D E T R O I T R I V E R
D e t r o i t
E d i s o n
C o m p a n y
4 1 1
o i l / c o a T
C o n n e r s C r e e k
D e t r o i t , M i c h i g a n
D e t r o i t
E d i s o n
C o m p a n y
4 1 0
o i ]
D e T r a y









F A C I L I T Y E L E C T R I C
O w n e r G E N E R A T I N G F U E L
G e n e r a t i n g S t a t i o n N a m e C A P A C I T Y
N e a r e s t C i t y ( M W e )
L A K E M I C H I G A N ( c o n t i n u e d )
L a n s i n g B o a r d o f W a t e r & L i g h t 3 8 6 c o a l
E c k e r t
L a n s i n g , M i c h i g a n
L a n s i n g B o a r d o f W a t e r & L i g h t l 6 0 c o a l
E r i c k s o n
L a n s i n g , M i c h i g a n
L a n s i n g B o a r d o f W a t e r & L i g h t 8 4 c o a l
O t t a w a S t r e e t
L a n s i n g , M i c h i g a n
N o r t h e r n M i c h i g a n E l e c t r i c C o — o p . 4 1 c o a l
A d v a n c e
B o y n e C i t y , M i c h i g a n
M a n i t o w a c P u b l i c U t i l i t y 7 0 c o a l
M a n i t o w a c
M a n i t o w a c , W i s c o n s i n
W i s c o n s i n E l e c t r i c P o w e r C o . 3 0 1 o i l
L a k e s i d e
M i l w a u k e e , W i s c o n s i n
W i s c o n s i n E l e c t r i c P o w e r C o . 1 , 5 0 0 c o a l
O a k C r e e k
O a k C r e e k , W i s c o n s i n
W i s c o n s i n E l e c t r i c P o w e r C o . 3 6 0 c o a l
P o r t W a s h i n g t o n P o r t
W a s h i n g t o n , W i s c o n s i n
W i s c o n s i n E l e c t r i c P o w e r C o . 6 1 7 c o a l
P l e a s a n t P r a i r i e
P l e a s a n t P r a i r i e , W i s c o n s i n
W i s c o n s i n E l e c t r i c P o w e r C o . 2 5 0 c o a l
V a l l e y
M i l w a u k e e , W i s c o n s i n
W i s c o n s i n E l e c t r i c P o w e r C o . 3 0 g a s
C o m m e r c e S t r e e t
M i l w a u k e e , W i s c o n s i n
W i s c o n s i n P o w e r & L i g h t 4 7 7 c o a l
E d g e w a t e r















F A C I L I T Y E L E C T R I C
O w n e r G E N E R A T I N G F U E L
G e n e r a t i n g S t a t i o n N a m e C A P A C I T Y
N e a r e s t C i t y ( M W e )
L A K E M I C H I G A N ( c o n t i n u e d )
W i s c o n s i n P u b 1 i c S e r v i c e 3 9 3 o i 1 / c o a 1
J . P . P u 1 1 i a m
G r e e n B a y , W i s c o n s i n
W i s c o n s i n P u b 1 i c S e r v i c e 5 3 5 n u c 1 e a r
K e w a u n e e
C a r 1 t o n , W i s c o n s i n
W i s c o n s i n
E 1 e c t r i c
P o w e r
9 9 4
n u c 1 e a r
P o i n t B e a c h
T w o R i v e r s , W i s c o n s i n
L A K E H U R O N
D e t r o i t
E d i s o n
C o m p a n y
1 1 0
c o a 1
H a r b o r B e a c h S t a t i o n
H a r b o r B e a c h , M i c h i g a n
C o n s u m e r
P o w e r
C o m p a n y
1 , 7 6 3
o i 1 / c o a 1
D . E . K a r n ,
E s s e x v i 1 1 e , M i c h i g a n /
C o n s u m e r
P o w e r
C o m p a n y
6 1 2
o i 1 / c o a 1
J . C . W e a d o c k
E s s e x v i 1 1 e , M i c h i g a n
S T . C L A I R R I V E R
D e t r o i t
E d i s o n
C o m p a n y
1 4 6
c o a 1
M a r y s v i 1 1 e
M a r y s v i 1 1 e , M i c h i g a n
D e t r o i t
E d i s o n
C o m p a n y
1 , 7 8 5
o i 1 / c o a 1
S t . C 1 a i r
S t . C 1 a i r , M i c h i g a n
D E T R O I T R I V E R
D e t r o i t
E d i s o n
C o m p a n y
4 1 1
o i 1 / c o a 1
C o n n e r s C r e e k
D e t r o i t , M i c h i g a n
D e t r o i t
E d i s o n
C o m p a n y
4 1 0
o i 1
D e 1 r a y










F A C I L I T Y E L E C T R I C
O w n e r G E N E R A T I N G F U E L
G e n e r a t i n g S t a t i o n N a m e C A P A C I T Y
N e a r e s t C i t y ( M W e )
D E T R O I T R I V E R ( c o n t i n u e d )
D e t r o i t E d i s o n C o m p a n y 3 7 c o a 1
P e n n s a 1 t
R i v e r v i e w , M i c h i g a n
D e t r o i t P u b 1 i c L i g h t i n g 1 9 9 w a s t e h e a t / o i 1
M i t e r s k y
D e t r o i t , M i c h i g a n
D e t r o i t E d i s o n C o m p a n y 8 1 2 o i 1 / c o a 1
R i v e r R o u g e
D e t r o i t , M i c h i g a n
D e t r o i t E d i s o n C o m p a n y 7 0 3 c o a 1
T r e n t o n C h a n n e 1
D e t r o i t , M i c h i g a n
W a y n d o t t e D e p t . M u n i c i p a 1 S e r v i c e 5 7 c o a 1 / g a s /
M y a n d o t t e
w a s t e
h e a t
M y a n d o t t e , M i c h i g a n
L A K E E R I E
D e t r o i t
E d i s o n
C o m p a n y
1 6 1
o i 1
F e r m i S t a t i o n 1
F r e n c h T o w n , M i c h i g a n
D e t r o i t
E d i s o n
C o m p a n y
3 , 1 5 0
c o a 1
M o n r o e
M o n r o e , M i c h i g a n
C o n s u m e r
P o w e r
C o m p a n y
3 1 0
c o a 1
J . R . W h i t i n g
L u n a P i e r , M i c h i g a n
C 1 e v e 1 a n d
E 1 e c t r i c
I 1 1 u m .
C o .
4 6 5
o i 1 / c o a 1
A s h t a b u 1 a
A s h t a b u 1 a , O h i o
C 1 e v e 1 a n d
E 1 e c t r i c
I 1 1 u m .
C o .
1 , 2 9 5
o i 1 / c o a 1
A v o n L a k e
A v o n L a k e , O h i o
C 1 e v e 1 a n d
E 1 e c t r i c
I 1 1 u m .
C o .
1 , 2 5 7
c o a 1
E a s t 1 a k e














F A C I L I T Y E L E C T R I C
O w n e r
G E N E R A T I N G
F U E L
G e n e r a t i n g S t a t i o n N a m e C A P A C I T Y
N e a r e s t C i t y ( M N e )
L A K E E R I E ( c o n t i n u e d )
C l e v e l a n d
E l e c t r i c
I l l u m .
C o .
5 1 4
o i l / c o a l
L a k e S h o r e
C l e v e l a n d , O h i o
O h i o
E d i s o n
C o m p a n y
1 7 5
c o a l
E d g e w a t e r
L o r a i n , O h i o
T o l e d o
E d i s o n
C o m p a n y
6 3 1
c o a l
B a y S h o r e
O r e g o n , O h i o
T o l e d o
E d i s o n
C o m p a n y
9 0 6
n u c l e a r
D a v i s B e s s e 1
O a k H a r b o r , O h i o
T o l e d o
E d i s o n
C o m p a n y
2 9 3
o i l / c o a l
A c m e
T o l e d o , O h i o
N i a g a r a
M o h a w k
P o w e r
C o r p .
/
6 2 8
c o a l
D u n k i r k
D u n k i r k , N e w Y o r k
P e n n s y l v a n i a
E l e c t r i c
l l 8
c o a l
F r o n t S t r e e t
E r i e , P e n n s y l v a n i a
N I A G A R A R I V E R
N i a g a r a
M o h a w k
P o w e r
C o r p .
8 3 6
c o a l
C . R . H u n t l e y
T o n a w a n d a , N e w Y o r k
L A K E O N T A R I O
N i a g a r a
M o h a w k
P o w e r
C o r p .
6 1 0
n u c l e a r
N i n e M i l e P o i n t S t a t i o n
S o d u s P o i n t , N e w Y o r k
N i a g a r a
M o h a w k
P o w e r
C o r p .
2 , 1 5 6
o i l
O s w e g o





F A C I L I T Y E L E C T R I C
O w n e r G E N E R A T I N G F U E L
G e n e r a t i n g S t a t i o n N a m e C A P A C I T Y
N e a r e s t C i t y ( M N e )
 
L A K E O N T A R I O ( c o n t i n u e d )
 
 
P o w e r A u t h o r i t y o f N e w Y o r k 8 2 1 n u c i e a r
J . A . F i t z p a t r i c k
O s w e g o , N e w Y o r k
R o c h e s t e r G a s & E i e c . C o r p . 4 9 0 n u c I e a r
R . E . G i n n a 1 ’
O n t a r i o , N e w Y o r k
R o c h e s t e r G a s & E i e c t . C o r p . 2 5 3 c o a ]
R u s s e I I



































































F A C I L I T Y
E L E C T R I C
G e n e r a t i n g
S t a t i o n
N a m e
G E N E R A T I N G
F U E L
N e a r e s t
C i t y
C A P A C I T Y
( M W e )
L A K E S U P E R I O R
T h u n d e r
B a y
l O O
f o s s i l
T h u n d e r B a y , O n t a r i o
L A K E H U R O N
D o u g l a s
P o i n t
2 2 0
n u c l e a r
T i v e r t o n , O n t a r i o
B r u c e
" A "
2 , 9 2 8
n u c l e a r
T i v e r t o n , O n t a r i o
L A K E E R I E
L a m b t o n
2 , 0 0 0
f o s s i l
S a r n i a , O n t a r i o
J .
C l a r k
K e i t h
2 6 4
f o s s i l
W i n d s o r , O n t a r i o
N a n t i c o k e
4 , 0 0 0
f o s s i l
P o r t D o v e r , O n t a r i o
L A K E O N T A R I O
H e a r n
R . L .
l , 2 0 0
f o s s i l
T o r o n t o , O n t a r i o
L a k e v i e w
2 , 4 4 l
f o s s i l
T o r o n t o , O n t a r i o
P i c k e r i n g
2 , 1 6 0
n u c l e a r
A j a x , O n t a r i o
L e n n o x
2 , 2 9 5
f o s s i l
B e l l e v i l l e , O n t a r i o
l 7 l
 
